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ELECTEICAL    TESTING. 


SIMPLE  TESTING. 

1 .  Is  orJer  to  be  able  to  make  measurementa  of  any  kind,  it 
ia  necessary  to  have  certain  standard  units  with  which  to  make 
companBons.  For  example,  in  the  case  of  length,  or  weight,  we 
have  as  standards  the  foot  and  the  pound.  Some  of  the  unitti 
are  dependei:t  npun  two  of  the  other  units ;  the  unit  of  "  work," 
for  example,  is  the  foot-pound,  or  the  work  done  in  raising  a 
pound  1  foot  high.  Now  in  eleotrical  meaBUrementa  we  require 
onits  of  a  like  character.  Those  with  which  we  liave  to  deal 
chiefly  are  electromotive  force,  the  unit  of  which  ia  called  the  volt ; 
resistance,  the  nnit  of  which  ia  the  ohm  ; 

also  we  have  the  unit  of  eitrrefit,  which  Fig.  I. 

is  dependent  upon  the  two  foregoing 
units,  and  which  is  called  the  ampere. 

2.  If  the  two  poles  of  a  battery  be 
joined  hy  a  conductor  a  current  will 
flow,  and  the  strength  of  this  current 
will  vary  directly  as  the  electromotive 
force  of  the  battery,  and  inversely  as 
the  total  resiBtance  in  the  circuit.  '1  hia 
relation  ia  known  as  "Ohm's  law."  If 
the  electi-omotive  force  is  expressed  in 
volts  and  the  resistance  in  onraa,  then 
the  resulting  current  will  be  in  amperes. 

3.  Suppose  now  a  battery  of  a  resistance  r  and  electromotiv 
force  E,  a  galvanometer  of  a  resistance  G,  and  a  wire  of 
rwistance  R,  be  joined  up  in  circuit,  us  shown  by  Fig.  1.     B 
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the  foregoing  law,  the  strength  of  current  C,  which  will  flow 
out  of  the  battery  and  through  the  galvanometer,  will  be 

C=— ^ 

K  +  r  +  G 

The  current,  in  flowing  through  the  galvanometer,  produces 
a  deflection  of  its  needle,  which  deflection  will  remain  constant 
provided  the  electromotive  force  of  the  battery  and  also  the 
resistances  remain  constant.  If  now  E  be  a  wire  whose  re- 
sistance we  require  to  find,  and  which  we  can  replace  by 
another  wire  the  value  of  whose  resistance  can  be  varied  at 
pleasure,  then  by  adjusting  this  latter  so  that  the  deflection  of 
the  galvanometer  needle  becomes  the  same  as  it  was  before  the 
change  of  resistances  was  made,  this  resistance  gives  the  value 
of  our  unknown  resistance  R. 

This  method  of  testing,  known  as  the  substitution  method, 
although  exceedingly  simple,  is  a  very  good  and  accurate  one 
if  a  little  ordinary  care  be  taken  in  making  it.  Its  correctness 
is  only  limited  by  the  sensibility  of  the  galvanometer  to  small 
changes  of  strength  in  the  current  affecting  it,  and  by  the 
accuracy  with  which  the  variable  resistance  can  be  adjusted. 

4.  Next,  suppose  the  galvanometer  to  have  its  scale  so  gra- 
duated that  the  number  of  divisions  on  it  will,  by  the  deflection 
of  the  needle,  accurately  represent  the  comparative  strength  (C) 
of  currents  which  may  pass  through  it.  Let  the  battery, 
galvanometer,  and  resistance  be  joined  up  as  at  first,  then,  as 
before. 

Now  remove  R,  and  insert  any  other  known  resistance  p,  in 
its  place.     Calling  the  new  strength  of  current  Oi,  then 

But  we  have  seen  that  E  =  C  (R  -j-  r  -j-  G),  therefore 

C(R  +  r  +  G)  =  aO>  +  r  +  G), 


or 


that  is 
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Now,  as  we  have  supposed  the  deflections  of  the  galvanometer 
needle  to  be  directly  proportional  to  the  streng£s  of  current 
which  produce  them,  we  may,  instead  of  C  and  Ci,  write  in  our 
formula)  the  deflections  of  the  galvanometer  needle  which  those 
strengths  produce.  Calling,  then,  a  the  deflection  obtained 
with  the  strength  C,  and  a^  that  with  the  strength  Ci,  our 
formula  [Ij  becomes 


E  =  ^(p+r  +  G)-(r  +  G).  [2] 


In  order  to  find  K,  it  is  necessary  to  know  G,  which  is  usually 
marked  on  the  galvanometer  by  the  manufacturer,  r  also 
must  be  known;  but  as  it  is  difficult  to  determine  its  value 
accurately,  it  is  best  to  use  a  battery  whose  resistance  is  very 
small  in  comparison  with  the  other  resistances  in  the  circuit, 
and  which  may  consequently  be  neglected,  we  may  therefore 
write  our  formula 


E  =  :^(p  +  G)-G.  [3] 


Having  then  obtained  a  with  B  and  a,  with  p,  we  can  find  the 
value  of  B. 

For  example. 

With  a  galvanometer  whose  resistance  was  100  ohms,  and  a 
battery  whose  resistance  could  be  neglectoil,  wo  obtained  with 
a  resistance  It  a  deflection  of  20  divisions  (a),  and  with  a  re- 
sistance of  200  ohms  (p)  a  deflection  of  30  divisions  (a,).  What 
was  the  unknown  resistance  E  ? 

QA 

R  =  ^  (200  +  100)  -  100  =  350  ohms. 

6.  Next,  suppose  it  is  required  to  find  the  resistance  of  a 
galvanometer. 

From  equation  [3],  by  multiplying  up,  wo  find  that 

R  tt  =  p  ai  +  G  tti  —  G  a, 

by  ari'anging  the  quantities 

G  tti  —  G  a  =  R  a  —  p  Qi, 

or 

G  (a,  —  a)  =  R  a  —  p  aj, 
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therefore 


G  =  "°"P°'.  [4] 


^ 


tti  —  a 

If,  then,  with  a  known  resistance  R,  we  obtain  a  deflection  of 
a  divisions,  and  with  a  known  resistance  p  we  obtain  a  deflec- 
tion of  tti  divisions,  we  can  determine  G. 

For  example. 

With  a  galvanometer  (G)  and  a  battery  whose  resistance 
could  be  neglected,  we  obtained  with  a  resistance  of  350  ohms 
R)  a  deflection  of  20  divisions   (a),  and  with  a  resistance  of 
00  ohms  (p)  a  deflection  of  30  divisions  (ai).     What  was  the 
resistance  of  the  galvanometer  ? 

^      360  X  20- 200  X  30      ,^^    ^ 

^  = 30^:20 =  ^^^  ''^'^^' 

6.  Lastly,  when  the  resistance  of  our  battery  is  considerable, 
and  it  is  required  to  find  its  value,  from  equation  [2 J  by  multi- 
plying up,  we  find 

Ra=  pai  +rai  +  Gaj  —  ra—  Go, 

by  arranging  the  quantities 

raj  —  ra  =  Ra—  pttj  —  Gai-{-Ga 
or 

r  (oi  —  a)  =  R  a  —  P  ctj  —  G  (aj  —  a), 

that  is 

For  example. 

With  a  galvanometer  whose  resistance  was  100  ohms  (G), 
and  a  battery  (r),  we  obtained  with  a  resistance  in  circuit  of  300 
ohms  (R)  a  deflection  of  30  divisions  (a),  and  with  a  resistance 
in  circuit  of  160  ohms  (p)  a  deflection  of  40  divisions  (a,).  What 
was  the  resistance  of  me  battery  ? 

300  X  30  -  160  X  40       ,  ^^       ^^^    , 
r  = 40-30 ^         ^^^®* 

7.  The  formulas  may  be  considerably  simplified  if  we  so 
adjust  our  resistances  that  one  deflection  becomes  half  the  other, 
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or,  in  other  words,  if  we  make  a  =  ^ .  Formula  [3]  for  deter- 
mining any  resistance  then  becomes 

^E=-^(P  +  G)-G  =  2p  +  2G-G. 
2 
that  iH 

E  =  2  p  +  G. 

8,  Similarly  wo  should  find  that  formula  [4]  for  determiDing 
the  reeistance  of  a  grilvanometur  becomes 

G  =  R-  2p; 

and  formula  [5]  for  determining  the  resistance  of  a  battery, 

f  =  E-(2p  +  G)i 

R  being  in  all  oases  the  resiatanca  which  Kives  the  small  deflec- 
tion, and  p  being  the  smaller  resistance  which  doubles  it. 

9.  When  the  reBiHtance  we  have  to  measure  is  very  high  com- 
pared with  the  resiatunoe  of  the  galvanometer  and  lottery  used 
for  naeasuring,  then  in  our  equation 

E  =  J(p  +  '-+G)-(r  +  G), 

we  may  practically,  especially  when  great  accuracy  of  measure- 
ment  is  not  req^nired,  put  G  aa  well  as  r  equal  to  0,  in  which 

E  =  ^'  p. 

To  measure  a  resistance  according  to  this  formula,  we  should 
first  jiuia  up,  aa  shown  by  Fig.  1,  our  battery,  galvanometer, 
and  standard  resistance,  as  it  is  called,  which  in  our  formula  is 
p;  and  having  noted  the  duflection  a,,  should  multiply  the 
latter  by  p ;  this  givea  us  what  is  caUed  the  conslaiU,  R  (the 
resistance  to  be  determined)  is  then  inserted  in  the  place  of  p ;  a 
new  deflection  a  is  obtained,  by  wrhiuh  we  divide  the  constant, 
and  thus  get  the  value  of  K. 

This  method  of  measuring  resistances  is  the  one  generally 
employed  in  taking  tests  for  ingulalion  resistance  of  telegraph 
lines,  the  standard  resistance  p  being  usually  lOOU  ohms. 

When  the  insulation  resistances  of  several  lines  are  to  be 
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measured,  the  constant  would  first  be  taken  and  worked  out, 
and  the  several  lines  to  be  measured  being  iuBorted  one  after 
the  other  in  the  place  of  the  resistance  p,  the  deflections  are 
noted ;  then  the  constant  being  divided  by  the  Bovoral  deflections, 
the  resistances  are  thus  obtained. 

For  example. 

With  a  battery,  a  galvanometer,  and  a  resistance  of  1000 
i)hma  (p)  in  circuit,  we  obtained  a  deflection  of  20  divisions  (a^), 
then 

Constant  =  1000  x  20  =  30000. 

Taking  away  our  resistance  and  inserting 

Wire  No.  1,  we  obtained  a  deflection  of  5  divisions. 

2,  „  „  6 

3,  „  „  12 


The  ro8iBtanct:fi  of  oi 


B  would  then  be 


No.  1,  20000  -=-    5  . 


4000  obma. 
3333     „ 
1666     „ 


I 


These  results  are  the  total  insulation  resistances  of  the  wires. 
which  may  be  of  various  lengths.  To  get  comparative  results, 
it  is  necessary  to  obtain  the  insulatiou  resistance  of  some  unit 
length  of  each  wire,  such  as  a  mile. 

Now,  it  will  be  readily  seen  that  the  greater  the  length  of 
the  wire  the  greater  will  be  the  leakage,  and  consequently  the 
leas  will  be  the  insulation  resistance,  or,  in  other  words,  this 
resistance  will  vary  invermly  as  the  length  of  the  wire.  To 
obtain,  then,  the  insulation  reaistance,  or  insulation,  as  it  is 
simply  called,  all  we  have  to  do  is  to  multiply  the  total 
insulation  by  the  length  of  "wire.  Thus,  for  example,  if  No.  1 
a  100  miles  long,  its  insulation  per  mile  would  be 
4000  X  100  =  400,000  ohme.  It  is  usual  to  fix  a  standard 
insulation  per  mile,  and  if  the  result  is  below  tliat  standard, 
the  line  is  considered  faulty.  200,000  ohms  per  mile  is  the 
standard  adopted  by  the  Postal  Telegraph  Department. 

10.  The  rule  of  multiplying  the  total  insulntion  by  the 
mileage  of  the  wii-o  to  get  the  insulation  per  mile,  is  not  strictly 
cori'ect,  more  especially  for  long  lines,  as  it  assumes  that  the 
Jeakage  is  the  same  at  every  point  along  the  liae.     This,  how- 
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over,  IB  clearly  not  the  case,  as  &  littla  of  the  current  leaking 
out  at  one  point  leaves  a  smaller  quantity  to  leak  out  at  the 
next.  In  fact,  we  really  measure  the  Iwat  portions  of  the  line 
with  a  weaker  battery  than  we  do  the  first.  The  true  law  is, 
however,  somewhat  complex,  and  will  be  considered  hereafter.* 
11,  We  have  hitherto  considered  the  galvanometer  dsflectiona 
to  be  directly  proportional  to  the  currents  producing  them,  hut 
in  no  galvanometer  is  this  the  case  if  the  deflections  are  measured 
in  detfreea ;  in  such  a  case  they  are  proportional  to  some  function 
'if  thor^e  degrees,  such  an  the  tangent.  Thus,  if  we  were  reading 
ofi'  tlie  scale  of  degrees  on  a  tangent  galvanometer,  that  i"  to  say 
a,  galvanometer  iu  which  the  strengths  of  current  are  directly 
proportional  to  the  laiigenia  of  the  angles  of  deflection  which 
those  currents  produce,  we  should  have  to  find  the  tangents  of 
those  degrees  of  deflection  before  multiplying  and  dividing. 

For  example. 

If  with  a  tangent  galvanometer  we  obtained  with  our 
standard  resistance  of  1000  ohms  a  deflection  of  20",  and  with 
the  unknown  resistance  (B)  a  deflection  of  15°,  we  should  have 
tan  20°  X  1000        -364  x  1000 


E  = 


tan  15^ 


■268 


-  1358  ohms. 


When  nieasuring  the  insulation  resistance  of  a  line  of  tele- 
graph, having  taken  the  constant,  we  should  join  up  our  instru- 
ments  and  line,  as  shown  oy  Fig.  2.     In  making  a  measurement 

^^oftbis  kind,  it  is  usual  to  have  the  positive  pole  of  the  battery 
to  earth,  so  that  a  negative  (zinc)  current  flows  out  to  tho  line, 
as  a  zinc  current  will  show  best  any  defective  insulation  in  the 
■  wire,  a  positive  current  having  the  effect,  to  a  certain  extent,  of 
'  ifing  a  fault  up,  more  especially  if  any  underground  work 
^oh  may  be  in  the  circuit  is  defective. 
•  Bee  Appendix. 


r 
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The  foiegomg  method  of  meaBuroment  ie,  as  a  rule,  aiifficientlv' 
accurate  for  all  practical  parpoBOB.  Greater  accuracy  may,  how- 
ever, be  obtained  with,  but  little  extra  trouble  by  allowing  for 
the  reBiBtance  of  our  battery  and  galvanometer  ia  the  following 
maDHer : 

Instead  of  multiplying  the  eonatanl  deflection  by  the  1000 
ohms  efcindard  reBiBtance,  multiply  it  by  1000  plus  the  resist- 
ance of  the  galvanometer  aud  battery,  and  having  divided  the 
result  by  the  deflection  obta,inad  with  the  line  wire  in  circuit, 
subtract  from  the  result  the  reeiHtanoe  of  the  galv:inom6ter  and 
battery. 

For  example. 

With  a  standard  resistance  of  1000  ohms,  a  tangent  galvano- 
meter of  a  resistanoe  of  50  ohms,  and  a  battery  of  a  resistance  of 
100  ohms,  we  obtained  a  deflection  of  30°,  and  with  the  line  wire 
in  circuit  a  deflection  of  10°.  What  waa  the  exact  ineulation 
reaistance  of  the  line  ? 

Insulation  i  ^  tan  30°  (1000  +  50  +  100) 
reaistance  J  tan  lu'' 


^  -  (60  +  100) 


■677  X  1150 


150  =  37G0  ohms. 


1 


When  a  large  number  of  wires  have  to  be  measured  for 
insulation  daily,  it  is  very  convenient  to  have  a  table  con- 
structed on  the  following  plan  : 


Eabtb  Bgadimos. 


I"                   2= 

3°                4° 

20° 

20H.'52 

10123 

C!)45-0 

5205-0 

21° 

2v.m 

10S193 

7324-0 

54S9-5 

22= 

23U6 

11570 

7700-3 

5777  0 

23= 

24^16 

12155 

8090 -5 

6070-2 

24= 

B5507 

12750 

8495 '5 

0387-1 

In  this  table  the  first  vertical  column  repreaents  the  deflec- 
tions in  degrees  obtained  with  a  tangent  galvanometer  through 
a  tftondard  reaiatanoe  of  lOQO  ohme,  and  the  top  row  of  degreee 
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are  the  deflections  obtained  with  the  line  wire  in  circuit.  The 
ntunbers  at  the  points  of  intersection  of  a  vertical  with  a  hori- 
zontal column  give  the  resistances  corresponding  to  those 
deflections,  these  resistances  being  calculated  from  the  formula 

Insulation  \  _  tan  constant  reading  x  1000 
resistance  j  "  tan  earth  reading 

Thus  the  constant  deflection,  or  reading,  with  the  1000  ohms 
standard  resistance  being  22°,  and  the  deflection  with  the  line 
wire  (ihe  earth  reading)  being  2°,  the  resistance  required  is  seen 
at  a  glance  to  be  11,570  ohms. 

Before  proceeding  to  the  more  intricate  systems  of  measure- 
ment, we  will  consider  some  of  the  instruments  which  would  be 
used  in  making  measurements  such  as  we  have  described. 
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CHAPTER  II. 

HE8ISTANCE  COILS. 


^^^1     12.  The  esBential  points  of  a  good  set  of  resistance  coils  are, 

^^^Pthat  they  Hhould  nnt  vary  their  resistance  appreciably  through 

^^^  change  of  temperature,   and    that  they  should   be   accurately 

adjusted  to  the  etandard  units,  which  adjustment  ought  to  he 

such  that  not  only  should  each  individual  coil  test  according  to 

its  marked  value,  hut  the  totEtl  value  of  all  the  coils  together 

should  be  eqaal  to  the  numerical  sum  of  their  marked  values. 

It  will  be  frequently  found  in.  imperfectly  adjusted  coila  that 

slthougli  each  individual  coil  may  test,  as  far  as  can  be  seen, 

correctly,  yet  when  tested  all  together  their  total  value  will  bo 

one  or  two  units  more  or  less  than  the  siim  of  their  indiviilual 

values ;  because,  although  an  error  of  a  fraction  of  a  unit,  may 

not  be  perceptible  in  testing  each  coil  individually,  yet  the 

^^^_  accumulated  error  may  be  comparatively  large. 

^^^^    The  wire  of  the  coils  is,  aa  a  rule,  of  German  silver,   the 

^^^Hipecific  resistance  of  which  metal  is  but  little  affected  by  varia- 

^^^rtionB  of  temperature.     The  wire  is  usually  insulated  by  two 

T^^^  coverings  of  silk,  and  is  wound  double  im  ebonite  bobbins,  the 

object  of   the   double  winding  being  to  elinjinate  the  extra 

current  which  would  be  induced  in  the  coils  if  the  wire  were 

wound  on  single.     By  doable  winding,  the  current  flows  in  two 

opposite  directions  on  the  bobliin,  the  portion  in  one  direotion 

eliminating  the  inductive  eifect  of  the  portion   in  the  other 

direotion.      When  wound,  the    bobbins   are   saturated  in   hot 

paraflSn  was,  which  thoroughly  preserves  their  insulation,  and 

Jirevents  the  silk  covering  from  becoming  damp,  which  would 

mave  the   effect   of  partially    shorii   circuiting  the   coils   and 

Thereby  reducing  their  resistance. 

'"he  small  resistances  are  made  of  thick  wire,  the  higher 
B  of  thin  wire  to  economise  space. 
When  bulk  and  weight  are  of  no  consequence,  it  is  better  to 
3  all  the  coils  made  of  thick  wire,  more  especially  if  high 
Mittery  power  is  use<l  in  te»ting,  as  there  is  less  liability  of  the 
coils  to  become  heated  by  the  passage  of  the  current  through 
them. 
Tha  individual  resistauoeB  of  a  set  of  coils  are  generally 
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Bnoh  vftlueB  that,  by  properly  conibiuing  tliera,  any  reiiUtance 
from  1  to  10,000  oan  be  obtiiineil.  One  airangtuaeiit  in  general 
U8U  has  ooila  of  the  rollowing  valoea  :  1,  2,  '2,  5,  10,  10,  '20,  50, 
100.  100,  200,  500,  1000,  1000,  2000,  5il00  ohms. 

Theae  numbers  enttblo  any  resistance  from  1  to  10,000  to  ba 
obtained,  using  a  niinimiim  iiurnbor  of  ooils  without  fractional 
values.  With  tlieee  nniiibera,  however,  it  is  a  matter  of  soma 
littlo  difGculty  to  see  at  onoe  what  ooils  it  is  uoceBsary  to  put 
into  cirouit  iu  order  to  ubtuin  a  particular  reBtatance ;  and  as  it 
ia  often  neccBsary  to  be  quick  in  changing  the  resislanoes,  the 
folloMug  numborB  ai  e  frequently  uaed :  1.  2,  3,  4,  10,  30,  30, 
40,  100,  200,  300.  400,  lOOO,  ^000,  3000,  4000,  which  enablea 
any  partioiilar  resistance,  that  is  rciiuired  to  be  inserted,  to  ha 
aeen  almost  ut  a  ghknco. 

The  way  in  which  the  different  coils  are  put  in  circuit  is 
shown  by  Fig.  3.  The  ends  of  the  several  reiiiatanoos,  c,c,e,-  •  •  ■ 
are  inserted  between  the  brasjt  blocks,  6,  6,  ir,  ■  ■  ■  ■  .    Any  of  the 
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ooiIb  can  then  be  cut  out  of  the  oironit  between  the  first  and 
last  blocks,  by  inserting  plugs,  p.  as  shown,  which  short-oircnit 
the  coils  butween  them;  thus,  if  all  the  plugs  were  inserted, 
tbero  would  be  no  resistance  in  circuit,  and  if  all  the  plugs  are 
out,  all  the  coils  would  be  in  circuit. 

18.  Thero  are  various  ways  of  arranging  the  coils  in  sets ; 
one  of  the  most  common  is  that  shown  in  outline  by  Fig.  4,  and 
in  general  view  by  Fig.  5.  This  form  ia  much  used  in  sub- 
marine cable  testing.  The  brass  blocks,  hero  shown  in  phiu, 
are  screwed  down  to  a  plato  of  ebonite  which  forms  the  top  of 
the  box  iu  which  the  coils  are  enclosed.  Tho  ebonite  bobbins 
are  fixed  to  the  lower  surtiioe  of  the  ebonite  top,  the  ends  of  the 
wires  being  fixed  to  the  screws  whioh  secure  tho  brass  blocks. 
Tho  holes  shown  in  the  middle  of  tho  brass  blocks  are  con- 
venient for  holding  the  plugs  that  are  not  in  use. 

It  will  be  seen  that  six  terminals,  A,  B,  C,  D,  E,  P,  are  provided ; 
when  we  only  require  to  put  a  reaistanoe  in  oirouit,  the  two 
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terminals  D  and  E  would  be  used.    The  use  of  the  otiier  ter- 
minals  and  of  the  movable  braes  strap  S,  'will  be  explained 

hereafter. 

Pio.  *. 
3 
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r  two  precautions 


14,  In  using  a  set  of  resistance  coils,  o 
rare  necessary. 

First  of  all,  it  should  be  seen  that  the  brass  shanks  of  the 
plugs  are  clean  and  bright,  as  the  insertion  of  a  dirty  plug  will 
not  entirely  short-cirouit  the  coil  it  is  intended  to  cut  out. 
It  is  a  good  plan,  before  commencing  to  test,  to  give  the  plugs 
a  scrape  with  a  piece  of  glass  or  emery  paper,  taking  care  to  rub 
off  any  grains  of  grit  which  m*y  reraam  sticking  to  them  after 
this  has  been  done. 

When  a  plug  is  inserted,  it  should  not  be  simply  pushetl  into 
the  hole,  but  a  twisting  motion  should  be  given  it  in  doing  so, 
60  that  good  contact  may  be  ensured ;  too  much  force  should 
,  not  be  used,  as  the  ebonit*  tope  may  bo  thereby  twisted  ofT  in 
)  extracting  the  plugs.  Care  also  sbonld  be  taken  that  tho 
I  neighbouring  plugs  are  not  loosened  by  the  fingers  catching 
I  iliem  during  the  operation  of  shifting  a  plug. 

Before  commencing  work  it  ia  as  well  to  give  all  the  plugs  a 
I  twist  in  the  holes,  so  as  to  enBure  that  none  of  them  are  left 
On  no  aooonnt  xaust  the   plugs  be  greased  to  prevei 
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their  eticking,   and  their  hrasa  ehaaks  should  be   touched  as 

little  aa  possible  with  the  fingers. 

15.  For  taking  the  insulation,  resistance  of  a  line  in  the 
manner  described  in  the  last  chapter,  such  an  elaborate  set  of 
coils  is  not  of  course  wanted.  A  single  coil  of  a  resistance  of 
1000  ohms  in  a  box  with  two  terminala,  tn  which  the  ends  of 
the  coila  are  attached,  is  all  that  is  reqnireil. 

16.  One  of  the  most  ur-eful  sets  of  coils  for  general  purposes 
is  represented  in  outline  by  Fig.  6,  and  in  general  view  l<y 
Fig.  7.     The  general  arrange- 
ment   of    resistances,    it    will  Fig.  •»- 

be  seen,  is  the  Banie  aa  that 
shown  by  Fig.  4.  Two  keys, 
however,  are  provided  {drawn  I 
in  Fig.  6  in  elevation,  for  dis- 
tinotnessl,  the  contact  point  of 
the  left-hand  key  being  con- 
nected, as  shown  by  the  dotted 
line,  with  the  middle  brass 
block  of  the  upper  set  of  re- 
sistances, the  terminal  B'  at  the 
end  of  the  key  corroHpouding, 

in  fact,  when  the  key  is  pressed  down,  with  the  terminal  B 
shown  in  Fig.  i.  In  like  manner  the  terminal  A'  corresponds 
with  the  terminal  A.     In  the  place  of  the  movable  piece  of 


braas  bttwceii  A  and  D,  a  plug  marked  INF.  (infinity)  ia  pro- 
vided, which  answers  the  same  purpose ;  an  infinity  plug  is 
itiuo  placed  at  the  first  hend  of  the  coils  on  the  right  hand  of 
tiie  figure. 
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^^^P      When  we  require  simply  to  iseert  a  reeietance  in  a  circtut^  I 
^^B  we  should  uhq  the  terminala  A'  and  E.  the  left-hand  ksy  being  J 
^^B  pressed  down  when  the  deflection  of  tlie  galvanometer  needle  ' 
^^^■"fto  be  noted.     The  current  can  thui  be  conveniently  cut  ott'  up  I 
^^H  put  on  when  required,  by  releasing  or  depressing  the  key.    Care  | 
^^H  ehould  be  taken  that  the  two  iiijinUy  plugs  are  firmly  in  th 
^^^B  places,  to  ensure  their  making  good  contact.      Fur  the  sa 
^^^■^P^lrpoee  the  key  contacts  should  be  occasionally  touched  w 
^^^■fonery  paper  or  a  fine  file. 

^^^B     Anothei'  set  of  coils  ie  represented  in  genera!  view  by  Fig. 
^■ilieae  will  be  referred  to  hereafter  (Chapter  VIII.). 


sliding  piece,  B,  is  provided  which  can  be  movL-d  along  a  rod 
with  which  it  ia  in  oonnection.  Tho  slider  has  a  spring  fixed 
to  it  which  preeses  agaiuet  the  brass  blocks ;  it  in  evident,  then, 
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that  any  required  reeietance  can  be  inserted  between  A  and  B, 
that  is  betwoen  A  and  a  terminal  fixed  to  the  end  of  the  rod,  by 
simply  sliding  the  piece  B  along  the  rod. 

The  object  of  arranging  the  coils  in  this  manner  is  more 
particularly  to  enable  the  ratio  of  A  B  to  B  C  to  be  varied, 
whilst  the  sum  of  the  two,  that  is  to  say  the  whole  length,  A  C, 
remains  constant.     This  is  sometimes  required  to  be  done. 

These  coils  are  sometimes  arranged  in  a  circle  instead  of  a 
straight  line,  ihe  contact-piece  B  being  a  spring  furniiny  a 
i-adiuB  of  the  circle.     'Ihis  is  a  very  oompaut  and  useful  plan. 

18.  For  some  tests  a  long  straight  wire  of  German  silver  or 
other  alloy  is  employed  in  the  plane  of  the  resistance  coils.  It  is 
important  that  this  wire  should  be  made  of  a  perfectly  nniform 
alloy,  and  should  be  of  the  same  diameter  tliroughout,  so  that 
its  resistance  may  be  directly  proportional  to  its  length ;  thus 
if  the  slider  were  at  the  middle  point  of  the  wire,  the  i-esistanoe 
on  each  side  should  be  exactly  the  same 

If ,  as  is  sometimes  the  case,  it  is  requirud  to  use  a  long  wire 
of  this  kind,  it  would  be  inconvenient  to  have  it  straight;  in 
such  a  case,  therefore,  the  wire  is  wound  spirally  on  a  cylioder 
of  ebonite  or  other  insulating  mB.terial,  the  two  ends  being  coii' 
nected  to  the  metal  axes,  these  latter  being  in  connection  with 
terminals.  The  sliding  contact-piece  is  moved  along  parallel 
with  the  axes  of  the  cylinder  by  a  screw  which  gears  with  the 
oylindur,  and  which  is  therefore  i-evolved  by  the  handle  which 
turns  the  latter ;  the  contact  of  the  slider  with  the  wiio  is  made 
when  required  by  pressing  the  former  with  the  linger.  Thu 
arrangement,  in  fact,  is  a  modihsd  form  of  Jacobi's  Hhuoetat. 

19.  It  is  evident  that  a  much  huer  adjustment  of  lesistanco 
can  be  obtained  by  the  slide  wire  than  by  the  slide  resistance 
colls,  but  inasmuch  as  the  length  of  the  wire  and  the  smailuess 
of  its  diameter  must  he  limited,  it  does  not  admit  of  very  large 
variations  of  lesistance  being  obtained.  By  combining,  how- 
ever, a  slide-wire  resistance  with  plug  resistance  coils,  this 
difSctilty  can  he  got  over,  though  in  tests  which  we  shall 
describe  it  ia  preferable  to  use  the  slide  coils. 

20.  Slide  resistance  coils,  though  very  convenient,  are  not 
■  absolutely  necessaiy  for  varying  the  ratio  of  the  resistances  in 

the  manner  described ;  for  it  is  evident  that  A  B  and  B  C  could 
be  two  sets  of  resistance  coils  in  which,  to  adopt  the  slide 
resistance  principle,  the  resistances  would  have  to  be  increased 
■  1  diminished  in  tha  other,  or  Wee  vertd,  care  being 
he  same  resistance  is  added  in  one  set  as  is  taken 
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^^^^H  GHAPTEE  ^^^^^ 

^^^^^^  GALVANOMETEKS,  '^^^^H 

^^M  '      21.  For  the  claes  of  teats  in  ^vhich  it  is  required,  by  adjueting   ^M 
^^P     ceiiain  roBiBtaiicee,  either  to  bring  the  needle  to  zero,  or  lo  the   ^| 
game  deflection  in  making  two  meaaurementa,  aa  described  on 
pages  1  and  2,  a  galvanometer  having  its  scale  graduated  to 
deo-reee  would  be  auflicient.     It  should  be  provided  with  an 
astbtio  pair  of  needles,  Biiapen-dod  by  a  cocoon  fibre,  whose  end 


I  piece  of  metal  connected  to  a  screw,  by  the 
twisting  of  which  the  needles  can  be 
lowered  down  on  to  the  coil,  so  that 
when  it  is  not  in  uae  there  would  he 
no  danger  of  the  fibre  being  fractured 
by  moving  the  instrument  about.  Such 
an  inetrument  is  shown  by  Fig.  10. 

When  the  galvanometer  is  to  be  used  it 
should  be  placed  on  a  firm  table,  and  the 
screw  connected  to  the  fibre  turned  until 
the  needles  swing  clear  of  the  coil.  The 
instrument  should  then  be  placed  in 
such  a  position  that  the  top  needle  stands 
as  nearly  as  possible  over  the  zero  points. 
It  should  next  be  carefully  levelled  by 
means  of  the  levelling  screws  attached 
to  its  base,  until  the  metal  axis  which 
connects  the  two  needles  together  is 
exactly  in  the  centre  of  the  hole  in  the 
scalo-card  through  which  it  paesee. 

The  adjustment  of  the  ne&dles  to  zero 

is  much  facilitated  in  the  instrument  by 

1  cuil  movable  about  the  centre  of  the  scale-card  by 

V  simple  handle  attached  direct  to   the  coil.      The 

1  touch  can  thus  be  given   without  shaking  the   needles, 

which  would  render  eitaet  adjtiatraent  difBcult. 

In  some  galvanometers  there  is  a  scale  graduated  to  degrees 
attached  to  the  coil,  so  that  the  angle  through  which  it  is  turned 
oan  be  seen  if  required.  This  scale  is  employed  when  using 
the  inatnimeut  as  a  Sine  galvanometer. 


The  Sine  Galvanometeb, 
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ore  stated  that  the  streDgtha  of  currents  producing 
certain  detlectiotiB  are  not  directly  proportional  to  those  deflec- 
tione,  but  to  some  function  of  them,  such  as  the  tangent.  In 
measuring  strengths  of  currents  by  means  of  a  sine  galvanometer 
we  proceed  as  follows : — 

The  needle  is  first  adjusted  to  zero.  The  current  whose 
strength  is  to  be  measured  is  then  allowed  to  flow,  and  a 
deflection  of  the  needle  produced.  The  coU  is  now  turned 
round ;  this  causes  the  needle  to  diverge  still  more  with  respect 
to  the  stand  of  the  instrument,  but  the  angle  vrhioh  it  makes 
with  the  coil  becomes  less  the  farther  the  latter  is  turned,  and 
finally  a  point  is  reached  at  which  the  needle  is  again  parallel 
to  the  coil — that  is,  its  ends  are  again  over  the  zero  points  ou 
the  scale-card.  The  reason  of  this  is,  that  the  deflective  action 
of  the  coil  on  the  needle  is  al-waya  the  same,  provided  the 
current  strength  does  not  vary,  but  the  farther  the  needle 
moves  from  the  magnetic  meridian,  the  greater  becomes  its 
tendency  to  return  to  that  meridian,  and  finally,  when  the 
needle  becomes  parallel  to  the  coil,  the  deflective  force  of  the 
latter  exactly  balances  the  reactive  force  of  the  earth's 
magnetism. 

The  strength  of  the  current  which  produces  the  deflection  of 
the  needle  will  then  be  directly  proportional  to  the  »ine  of  tho 
angle  through  which  the  coil  is  turned. 

The  sine  galvanometer  is  a  very  accurate  instrument  if  pro- 
perly managed,  its  results  being  entirely  independent  of  the 
shape  of  the  coil,  aiae  of  the  needle,  Ac,  The  only  precaution 
necessary  is  to  see  that  when  the  needle  is  at  zero  at  starting  it 
is  brought  back  exactly  to  zero.  Indeed  it  is  not  absolutely 
necessary  that  the  starting  point  be  zero, — the  law  of  the 
tinet  holds  good  if  the  needle  be  at.  say,  5°  when  commencing, 
bnt  in  this  case,  by  the  turning  of  the  coil,  the  needle  must 
be  brought  back  to  6°,  and  not  to  zero. 

The  Tanoent  Galvanometer. 
23.  The  tangent  galvanometer,  which  is  perhaps  the  most 
nseful  and  convenient  instrument  for  general  purposes,  consists 
essentially  of  coils  of  wire  wound  iu  a  deep  groove  in  the  cir- 
cumference of  a  circular  ring,  usually  of  brass,  about  6  o. 
in  diameter,  with  a  small  magnetic  needle  at  its  centre  moving 
over  a  graduated  circle.  To  render  the  instrument  correct,  it 
ia  neceaearT  that  the  length  of  tie  needle  be  small  compared 
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with  the  diameter  of  the  coil ;  about  three-quarters  of  an  inch 
for  a  6  or  7-iiich  ring  ia  a  convenient  size,  and  gives  Bnfficiently 
accurate  lesults  for  all  practical  purposee. 

Fig.  11  shows  a  very  convenient  form  of  this  galvanometer,  a 
modification  of  which  is  used  by  the  Foetal  Telegraph  Depart- 
ment.    The  magnet  nt  has  a.  long  pointer,  of  gilt  copper,  about 
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5  inches  long,  fixed  at  right  angles  to  it.  so  that  its  ends  point 
to  the  zero  of  the  scales  placed  at  each  end  of  it,  when  tho 
magnetic  needle  is  parallel  to  the  coil,*  The  magnet  ia  so  placed 
that  its  central  point  ia  at  the  axis  of  the  coils  and  also  in  the 
same  plane  with  them. 

The  object  of  having  the  needle  small,  as  compared  with  the 
diameter  of  the  coil,  ia  to  eueure,  as  far  as  possible,  the  magnetic 
influence  of  the  current  on  the  needle  being  the  same  at 
whatever  angle  the  needle  may  be  with  respect  to  the  coil. 
Theoretically  to  eSect  this  result,  the  magnet  ahoiild  be  a  mere 
point,  but  this  is  of  course  impossible,  and  the  error  is  not 
great  when  the  coil  is  eight  or  ten  times  as  large  in  diameter 
as  the  length  of  the  needle.  Upon  the  influence  of  the  coll  on 
the  needle  being  the  same,  whatever  angle  the  needle  takes  up 
with  respect  to  it,  depends  the  truth  of  the  proposition,  that 
the  elratgtie  of  currents  circuialing  in  the  coil  are  proporiirmal  to  the 
iangents  of  the  aitglea  of  deviation  of  the  netdle. 

As  it  would  be  difficult  to  read  off  the  angular  deflection  of 
the  needle  from  the  needle  itself,  on  account  of  the  shortness 
of  the  latter,  a  long  pointer  is  attached,  which  moves  over  the 
graduated  scales  uuder  its  eaitremities. 

s  the  difiureDt  parts 
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24.  One  of  these  Bcales  is  gradaated  to  true  degrees,  and  the 
other  to  numbers  proportional  to  the  tangents  of  those  degrees, 
so  that  if  we  read  off  two  deflections  from  the  degrees  scale,  the 
other  extremity  of  the  pointer  w411  indicate,  approximately, 
numbers  proportional  to  the  tangents  of  those  two  degrees  of 
deflection. 

Now  as  the  Btrengths  of  currents  producing  certain  deflec- 
ticnia  are  proportional  to  the  tangents  of  the  degrees  of  deflection- 
if  we  read  off  Irom  the  degrees  scale  we  mast,  as  we  have  ex- 
plained in  Chapterl.(§  11),  reduce  the  degrees  to  tangents,  from 
a  table  of  tangents,"  before  working  out  a  formula  which  has 
reference  to  the  strengths  of  cnrrents.  If,  however,  we  read  off 
&om  the  tangent  scale,  no  reduction  is  necessary,  and  the  num- 
bers can  be  at  once  inserted  in  the  formala.  When  time  is  no 
object  it  is  better  to  use  the  degrees  scale,  as  it  is  the  more 
accurate  of  the  two,  and  moreover  it  is  the  easier  one  to  read  from 
in  consequence  of  the  division  marks  heing  all  equally  wide 
apart ;  on  the  tangent  scale  the  divisions  representing  the  higher 
numbers  are  very  close  together  and  are  difficult  to  distinguish. 

To  avoid  parallax  error,  in  consequence  of  the  needle  being 
elevated  above  the  scale,  a  piece  of  looking-glass  is  fixed  close 
to  the  tangent  scale,  so  that  when  we  look  at  the  end  of  the 
needle  and  see  that  the  reflected  image  of  the  pointer  coiocides 
with  the  pointer  itself,  we  know  that  we  are  looking  at  the  end 
of  the  pointer  perpendicularly  with  the  scale. 

As  the  instrument  is  generally  only  provided  with  a  looking- 
glass  near  the  tangent  scale,  it  ie  necessary  when  reading  oflf 
from  the  degrees  scale  to  run  the  eye  along  the  pointer  to  the 
looking-glass  end,  and  see  whether  the  reflected  image  cor- 
responds with  the  pointer  at  that  end ;  if  it  does,  we  may  bo 
sure  that,  when  we  look  at  the  degrees  scale,  we  do  so  correctly. 

25.  It  will  be  seen  irom  the  figure  that  the  instrument  is 
provided  with  five  terminals,  A,  B,  C,  D,  and  E. 

The  two  terminals  D  and  E  are  attached  to  the  ends  of  a  thick 
wire,  making  two  or  three  turns  only  round  the  ring,  and 
having  practically  no  resistance.  To  the  terminals  A  and  B  are 
attached  the  ends  of  a  finer  wire,  about  No.  24  or  30  B.W.G., 
making  a  larger  number  of  turns,  and  having  altogether  a 
resistance  of  about  26  ohms.  A  similar  wire  is  also  attached  to 
the  terminals  B  and  C,  so  that  if  we  use  the  terminals  A  and  B, 
orB  and  C,  we  have  '25  ohms  in  circuit;  and,  if  we  use  terminals 
A  and  C,  a  resistance  of  50  ohms  is  in  circuit. 

The  object  of  having  three  different  coils  is  to  enable  ua  to 
work  with  strong  or  weak  currents ;  thus,  with  a  strong  current, 

•  TMe  L  J 
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■we  should  uae  the  terminals  D  and  E,  as  there  heing  only  a  few 
turns  of  wire  the  effect  on  the  needle  ■would  not  be  grea,t. 
With  a  weaker   current  w©    should  use  the  terminals  A  and 

B,  or  B  and  C,  and  ■with  a  BtUl  weaker  one  the  terminala  A  and 

C,  The  proper  terminals  to  use  in  making  any  particular 
measurement  are  best  fo^und  by  esperiment,  the  difierent 
terminals  being  tried  until  a  convenient  deflection  is  obtained. 
If  it  is  found  that  one  Bet  of  terminals  givea  too  high  and 
another  too  low  a  deflection,  the  battery  power  must  be  varied, 
or  resiatance  inserted  in  the  circuit.  Experience  only  can 
determine  what  it  is  best  to  do  in  different  experiments,  as  no 
satisfactory  rule  can  be  laid  down. 

26,  Before  using  the  galvanometer  it  Bhould  be  seen  that  the 
pointer  has  not  become  bent,  but  standa  at  right  angles  to  the 
magnet,  and  that  when  suspended  it  turns  freely.  On  no 
account  should  the  magnet  suspension  be  oiled,  as  quite  the 
opposite  effect  to  -what  is  intended  -will  be  produced  by  ao 
doing.  Care  should  be  taken  that  the  scale  is  in  its  proper 
position,  80  that  ■when  the  two  ends  of  the  pointer  are  over  the 
aero  points,  the  pointer  stands  at  right  angles  to  the  coils. 
Tho  correct  setting  of  the  position  of  the  scale  ■with  reference  to 
the  coil  is  a  mechanical  adjustment  ■which  when  once  properly 
effected  is  not  likely  to  alter ;  it  is,  howevar,  as  well  to  verify  its 
correctness,  by  means  of  a  set  square,  before  the  instrument  is 
brought  into  general  use.  The  pointer  attached  to  the  magnetic 
needle  is  very  subject  to  accident,  and  is  often  badly  adjusted. 
The  correctness  of  the  setting  can  be  verified  by  placing  the 
galvanometer  so  that  the  pointer  stands  at  zero,  and  then  send- 
ing a  current  through  the  coil  first  in  one  direction  and  then  in 
the  other.  The  deflections  on  either  side  of  zero  in  this  case 
should  be  equal ;  if  they  are  not,  the  position  of  the  pointer 
relative  to  the  needle  should  be  readjusted  until  the  required 
equality  of  deflections  on  either  side  of  zero  is  obtained.  Care 
should  be  taken  when  making  this  adjustment,  to  place  the 
instrument  clear  of  any  unequally  distributed  masses  of  iron, 
otherwise  unequal  deflections  may  be  obtained  although  tho 
pointer  and  magnet  are  correctly  set. 

Angle  of  Maximum  Sensilivene$s. 

27.  In  using  the  tangent  galvanometer  it  is  always  as  well  to 
avoid  obtaining  either  very  high  or  very  low  deflections.  The 
reason  of  this  is,  that  any  small  change  in  the  strength  of  a 
current  traversing  the  galvanometer  will  produce  the  greatest 

""    '      I  the  needle  when  the  latter  stands  at  some 
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which  IB  neither  very  high  nor  very  low.  The  galvanometer 
ifi,  in  fact,  moat  sensitive  when  the  needle  points,  under  the 
influence  of  a  current,  at  that  deflection. 

Thus,  for  example,  euppoee  we  had  a  current  which  produced 

a  deflection  of  6^,  and  this  current  was  increased  say  by  i^fth, 
then  the  deflection  would  be  increased  to  5"  JJO',  because 

tan  5°  :  tan  5°  30'  : :  1  :  l^'j. 

Next  suppose  the  needle  stood  at  80°,  and  the  current  was,  as 
before,  increased  by  iijth,  then  the  deflection  would  be  increased 
to  80°  &4',  for 

tan  80°  :  tan  80°  54'  : :  I  :  l^ff. 

Lastly,  let  us  suppose  the  needle  stood  at  43°,  then  by  the 
increase  in  the  current  the  deflection  would  have  changed  to 
45°  43',  for 

tan  43°  :  tan  45°  43'  : :  1  :  1^. 

In  the  first  case  then,  when  the   deflection  was   low,  the 

5°  30'  -  6°  =  30' ; 

second  case,  when  the  deflectioa  was  high, 

eO"  54'  -  80°  =  54' : 

I  the  third  case,  when  the  deflection  was  of  a  medium 

45"  43'  -  43°  =  2°  43'. 


What,  then,  is  the  deflection  at  which  this  increase  is  greatest? 

The  point  to  be  determined  is,  what  deflection  is  increased 
most  by  any  small  alteration  in  the  current  producing  that 
deflection  1 

If  C  be  a  current  giving  a  deflection  of  a",  and  C,  a  current  a 
little  stronger,  aay,  which  increases  this  deflection  to  0^,  we 
have  to  find  what  value  given  to  a°,  makes  /^  ~  a"  as  large  as 
possible  when  C  and  U,  are  very  nearly  and  ultimately  equal. 

We  have 

C  :  Ci : :  tan  a°  :  tan  S°, 
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Now  we  have  to  make  ^  —  a°  a  maximum,  i 
the  foregoing  equation  holds  good. 

Since  /3°  —  a°  is  to  be  a  tnasimuui 
a  maximum,  but 


1  4"  ta^  p   tan  a' 


ippofling  that 
(|8°  —  a°)  must  also  be 

-J  tan.  a"  —  tan  a"      ^H 
1  +  _  tan*  tt°         ^1 

1 


"We  Lave  then  to  find  what  value  of  tan  a"  makes  this  fraotinB 
a  maximum,  and  this  we  shall  do  by  finding  what  value  makes 
the  denominator  of  the  fraction  a  minimum.     Now 


t-lTl  „°''     i 


and  this  will  be  a  minimum  whi 


^  jJ  tan  »°  =  0, 


but  as  C,  and  C  are  ultimately  equal,  -^  becomes  equal  toij 

therefore, 

txn  a   ^  ^  \  =  I  =  i.a.n  45°. 

28.  "We  see  then  that  in  order  to  make  the  tangent  galvano- 
meter as  sensitive  as  possible,  we  should  obtain  the  deflection  of 
its  needle  as  near  45°  as  posaiblo ;  46°  is  in  fact  the  angle  of 
maximTim  geneitivenega. 

Every  galvanometer  has  an  angle  of  maiimum  scnsitiveDeHB, 
although  it  is  not  the  same  iu  all.  It  can,  however,  be  found 
experimentally  (see  "Calibration  of  Galvanometers,"  p.  30), 
and  alioald  be  marked  on  the  instrument  for  future  refeience. 
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29.  If  we  reqmra  to  adjnst  two  currents  in  two  different 
measurements  bo  that  they  ehotild  be  eqnal  ia  both  ciaes,  it 
is  evident  that  the  needle  of  the  galvanometer  employed  to 
meaenre  them  ebonld  in  each  case  show  the  same  deflection. 
In  making  the  two  measarem«nt6,  we  take  the  deflection 
obtained  by  one  current  as  the  standard,  and  then  in  making 
the  second  meaanrement  we  adjnet  the  current  until  the  same 
deflection  is  obtained.  Now  the  accuracy  with  which  thii* 
cnirent  can  be  adjusted  depends  upon  the  sensitiveness  of  the 
galvanometer  to  a  change  in  the  strength  of  the  current,  and 
we  have  seen  that  this  sensitiveness  is  at  a  maximum  when  the 
deflection  is  45°.  If,  therefore,  we  employ  a  tangent  galvano- 
meter foF  snch  a  test  as  that  just  mentioned,  we  should  endea- 
vour in  both  measurements  to  bring  the  needle  to  45°. 

30,  In  what  way  can  the  property  of  the  galvanometer  be 
taken  advantage  of  when  comparing  two  deflections  ? 

We  must  in  such  a  case  endeavour  to  obtain  both  deflections 
aa  near  45°  as  possible.  To  do  this  we  should  have  to  get 
one  defleetion  on  one  side,  and  the  "ther  deflection  on  the  other 
side,  of  45°.  But  then  the  question  arises,  should  we  get  the 
deflections  at  an  equal  distance  on  either  side,  or  one  closer  to 
the  45°  than  the  other,  and  if  so,  shoold  the  higher  or  the 
lower  deflection  be  the  closer  of  the  two  ? 

Now  a  little  conaideration  will  make  it  clear  that  if  the  two 
deflections  in  question  are  taken  either  near  0°  or  90°,  they  will 
be  much  closer  together  than  if  they  were  taken  near  45°,  for 
the  reason  that  the  tangents  of  high  or  low  deflections  differ 
more  widely  froin  one  another  than  do  the  tangents  of  medium 
deflections.  But  we  have  shown  that  when  deflections  are  high 
or  low,  any  increase  or  decrease  in  the  strength  of  the  current 
producing  those  deflections  has  less  effect  than  when  the  de- 
flections  are  of  a  medium  value.  It  is  therefore  evident  that 
it  is  must  advantageons  to  get  the  deflections  as  wide  apart  as 
possible. 

Iiettben  tan  0°  represent  the  stronger,  and  tan  ^''  the  weaker 
current,  and  let  one  current  be  n  times  as  strong  as  the  other. 
We  then  have  to  find  what  values  of  $''  and  0°  make 


substitute  8°  for  ^,  4,°  for  a°, 
can  see  that  in  order  to  get  the  required  result 


24  HANDBOOK  OF  ELECTRICAL  TESTING. 

we  must  make 

tan0°=-4iz, 
sj  n 


and,  since  tan  0°  =  w  tan  ^°, 


n 


tan  e°  =  —7ZZ  =  //n^ 

If  one  current  strength  is  to  be  twice  as  great  as  the  other, 
then  n  =  2 ;  consequently, 

tan  e°  =  V'a  =  1-41421  =  tan  54°  44'  =  tan  54|°, 

and 

tan  0°  =  4r  =  '70711  =  tan  35°  16'  =  tan  36i°. 
V2 

These  then  are  the  deflections  that  theoretically  it  is  best  to 
obtain  in  making  a  test  with  a  tangent  galvanometer  in  which 
one  ourreijt  is  to  be  twice  as  strong  as  the  other.  But  practi- 
cally we  may  make  the  deflections  56°  and  35i°,  as  these  are 
more  convenient  to  adjust  to,  and  tan  55°  is,  within  1',  exactly 
double  tan  35i°. 

If  we  examine  the  theoretical  deflections  64°  44'  and  35°  16' 
it  will  be  seen  that 

64°  44'  -  46°  =  9°  44', 
and 

45°  -  36°  16'  =  9°  44', 

or  in  other  words,  the  angular  deflections  on  either  side  of  46° 
are  in  this  case  the  same.    Let  us  then  see  whether  they  are  ao 
when  n  has  any  value  other  than  2. 
The  angular  deflection  between  46°  and  0°  will  be 

e°  -  46°, 

that  between  46°  and  0°, 

46°  -  0°, 

.      //lo       A  K0\      tan  e°  -  1 
nowtan(^    -  46  )  =  3-^^-^^,, 

1  —  tan  dp 
and  tan  (45°  -  ,^°)  =  j^^^-^„ 
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bat  we  know,  ainee 


V»' 


^^hat: 


tan  e°       tan  e°  - 


45° 


=  e°  -  45°, 


showing  that  these  angolai  deflections  are  tho  B>ime  whatever 
be  the  value  of  ». 

This  is  a  Tery  nsefnl  fact,  ob  it  shows  that  when   we  are 

making  a  test    in  which  two  deflections  are   involved   whose 

relative  valnea  are  nnknown,  we  should  so  adjust  tho  resiat- 

■  .anoes,  &c.,  that  the  deflections  are  obtained,  as  near  as  jioseiblo, 

^^^it  equal  distances  on  either  side  of  4G°. 

^^B    To  sum  up,  then,  we  have 

Ki 

^^De  as 


If 


BeH  CkmdilioTis  for  using  the  Tangent  Galjianomeler. 
81.  When  a  test  is  made  in  which  only  one  deflection  is  oon- 

led,  that  deflection  should  be  aa  near  45°  as  possible. 
If  there  are  two  deflections  to  be  dealt  with,  these  should 
le  as  nearly  as  possible  at  equal  distances  on  either  side  of  45°. 
of  these  deflections  is  to  be  double  the  other,  65°  and 
'e  the  most  convenient  to  employ. 


Method  of  Eeadino  Galvasometer  Deflections. 


32.  The  reading  of  galviinometer  deflections  requires  con- 
siderable method,  in  order  that  accurate  results  may  be  obtained 
in  making  moasurements. 

Let  A  and  B  (Fig.  12)  be  two  contiguous  division  marks  on  the 
galvanometer  scale.  Now,  by  observation,  we  can  always  deter- 
mine without  difficulty  whether  the  pointer  lies  exactly  over  A 
(ir  over  B,  or  whether  it  lies  exactly  midway  between  the  two ; 
and  furlher,  if  it  doea  not  occupy  either  of  these  exact  positions, 
we  can  judge  without  difficulty  whether  it  lies  nearest  to  A  or 
to  B.     This  is  equivalent  to  saying  that  we  oan  be  certain  of 


\  26  HANDBOOK    OF    ELECTRICAL    TESTING. 

the  magnitude  of  the  deflection  within  a  quarter  of  a  degree. 
ThuB  sTippoBing  the  pointer  stood  between  A  and  B,  but  nearer 
to  A  than  to  B,  tlien  we  should  call  the  deflection  "  AJ,"  and 
auppoaing  the  deflection  was  actually  very  nearly  eqatu  to  A, 


;CI3^335-  Jjipcj   i33p3:j  -JjSpSrj 


■r     i- 


^ 


I 


Defleotion=A.     I>efleatLon=A^.       Deflnotion=A).    Deflootioii=Aj, 

then  A^  woald  bo  a  qnarter  of  a  division,  or  degree,  too  largs ; 
if,  on  the  other  hand,  the  deflection  was  very  nearly  equal  to  A^, 
then  k\  would  be  a  quarter  of  a  dirision,  or  degree,  too  low.  In 
one  case  the  error  would  be  a  plus  one,  and  in  the  other  a  minus 
one,  but  in  either  case  its  maximam  value  would  be  ^  only.  We 
have,  in  fact,  the  rule  that  if  A  be  the  smaller  of  two  contiguous 
deflections  A  and  B,  then  when  the  pointer  ia  esactly  over  A, 
the  deflection  should  be  called  "A":  if  nearer  to  A  than  to  B, 
then  it  should  be  called  "  A^  "  ;  if  exactly  midway  between  A 
(md  B,  it  should  be  called  "  AJ  "  ;  and  lastly,  if  the  pointer  ia 
nearer  to  B  than  to  A,  then  the  deflection  should  be  called 
"  A^  " ;  thus,  for  example,  if  A  and  B  (Fig.  12)  were  the  57° 
and  58^  diviaion  marks  reapeotively  on  the  scale ;  then  in  case  1 
the  deflection  would  be  taken  as  57°,  in  case  2  the  deflection 
would  be  taken  as  67^7°;  aufi  again,  in  cases  3  and  4  the 
deflections  would  be  taken  as  57i°  and  STJ"  respectively.  By 
keeping  to  these  instructions,  ttien,  we  can  be  sure  of  the 
magnitude  of  a  deflection  within  j;  of  a  division  or  degree, 

33,  If  we  are  making  a  measurement  with  a  tangent  galvano- 
meter and  we  read  from  the  d^'grees  scale,  and  if  we  have  two 
deflections  to  deal  with,  one  of  which  is  to  be  a  proportional 
part  of  Ibe  other  (usually  one-half),  then  after  the  first  deflec- 
tion has  been  observed  it  has  to  be  reduced  to  a  tangent,"  and 
then  the  latter  being  divided,  say,  by  two,  the  corresponding 
deflection  is  ascertained  from  the  tangent  table ;  the  resistances, 
&c.,  are  thou  adjusted  till  the  required  second  deflection  ia  as 
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neaTly  as  possible  obtained.  If  we  find  that  the  halved  taDgent 
does  not  eKactly  oorreepond  to  a  deflection  in  the  table,  then  we 
must  take,  say,  the  nearest  deflection  below  the  exact  value,  and 
then  take  care  to  adjust  so  that  the  dedcctiou  of  the  pointer  is  a 
little  cAoce  that  angle.    Thus  suppose  the  Srst  defection  was  68°, 

then  the  tangent  of  58°  is  1-6003,  and  -         '■  =  -8001;    now 

the  nearest  number  below  this  in  the  table  is  'TSSl,  which  is 
the  tangent  of  SSJ";  in  adjusting  the  deflection,  therefore,  we 
should  take  care  that  we  get  it  rather  more  than  384°. 


tgree  of  Aeeuraey  attainable  in  reading  Oaleanometer  Dejiectiont. 

Si.  If  the  galvanometer  ecaJe  be  so  graduated  that  the' 
lumber  of  dipiWona  of  deflection  directly  repieeeiit  the  pro- 
portionate strengths  of  the  currents  producing  those  deflec- 
tions, then  an  error  of.  Bay,  Hh  of  a  division  in  d  divieions  will 
represent  a  percentage  error,  y,  in  the  strength  of  the  carrent 
represented  by  d,  which  is  givoa  by  the  proportion 


or 


7'  -.' 


:  100  :  d. 


-  per  cent. 


[A] 


however,  the  instrnment  be  a  tangent  galvanometer  and  the 
deflection   be   read   from   the  drgreea  scale,   then  an   error  of 

^  in  d°  will  not  represent  an  error  of   - — ^ per  cent. 


1  this  case  v 


1  must  have  the  proportio: 
'„ :  tan  (ii-°  -  tan  (T  : :  10 


d° 


(tan  di"  -  tan  d°)  100     /tan  dL°         . 

^ te5^^- -^ll^J^— ijioop^'-'^^^t.   [B] 


r  the  deflection  d  were  48  diotsioiw,  then  J  of  a  diviBion  e 
)  would  be  an  error,  y,  of 

■y  =  = — — — -  =  ■  54  ner  cent. 
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^H    in  the  ouirent  strength  reprosented  by  the  deflection  d;  bnt  u^H 
^B    the  deflection  were  46°,  then  ^°  error  would  be  an  error,  y„,  of       ^M 

H      .  =  /tj^^X  _  i)  100  =  fl:^  -  1)  100  =  -88  per  cent.    I 

^V    in  the  current  strength.  ^| 

35.  In  cases  where  we  have  two  deflections  to  deal  with,  one 
of  which,  or  the  tangent  of  one  of  which,  has  to  be -;Jth  (usually  J) 
of  the  other,  then  after  we  have  ftscertained,  as  accurately  as  we 
can  judge,  the  magnitude  of  the  first  deflection,  d,  the  latter  (or 
the  tangent  of  the  latter)  is  divided  by  b,  and  then  the  resist-  J 
■ancea,   Ac,   in   the  circuit  of    the   galvanometer  are  adjusted     H 

until  the  deflection  -  (or  the  deflection  corresponding  to  ■ -J      ■ 

I   ie  obtained  aa  accurately  as  possible.     Kow  in  adjusting  to  this 
latter  deflection  we  are  liable  to  make  a  plus  or  minus  error 

'  of  jth  of  a  division  or   degree  as  in  the  first  case,  and  as  - 

[■  (ortan-  J  may  itself  contain  an  error  due  to  d  being  sth  of  a 
division  or  degree  wrong  in  the  first  ioetance,  the  n 


may  be  more  than  7,th  of  a  division  or  degree  out.     What  then 
is  the  "  total  possible  percentage  of  error  which  may  exist  in  the 

I    secoud  deflection  "  ? 

Now  the  absolute  error  which  may  be  made  in  the  two  deflec- 
tions must  be  the  same  in  both  cases,  viz,  ^,  hut  the  percentage 
value  of  the  latter  will  be  directly  proportional  to  the  value  of  the 
deflections ;  thus  a  i  division  error  in  50  divisions  is  a  ^  per  cent, 
error,  but  a  ^  division  error  in  25  divisions  is  a  1  per  cent,  error; 
in  factj  if  y  be  the  percentage  error  (corresponding  to  the  abaolute 
jr  i,)  in  d  divisions,  then  n  y  will  be  the  percentage  error  (oorre- 

.  Bpondingto  theabsolute  error  ^)  in  -  divisions.    Now  if  d  con- 

'  tains  a  percentage  error  y,  then  -  must  also  contain  a  percentage 
ur  y ;  consequently  if  we  mate  a  percentage  error  of  n  y  in  - 
when  d  already  contains  a  percentage  error  y,  then  -  must 
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intain  a  total  percentage  error,  r,  of 

i  X  100 

!■  =  — S^- 

eget 

-  X  100 
r  .  -^^i—  (1  +  »)  [0] 

(1)  For  example. 

If  d  and  ^  were  58  divisions  and  \  division,  reapeotlvely,  and 
further,  if  the  deSection  d  Iiad  to  be  halved,  that  is,  if  n  =  3i 
then  we  should  get 

m  r  =  ^  ^g  °°  X  3  =  1-3  per  cent. 

If  we  have  to  deal  with  degrees  of  deflection  instoad  of 
diviaione,  then  in  the  case  of  a  tangent  galvanometer  wo 
should  have 

/tand-"       ,\  /tan  d,'-  \ 

r=-(T — ^- 1)100 +(-i^ -'-:    -1)100  = 

■  °       VtaniP         /  '  Vtan  d,"  J 

\  /tan  d-"       tan  d.'-"         \  _„, 

(— -^+   .-^    -2)100  [D] 

\  tan  tr    '     tan  d°  ) 

where 

tan  d°  =  . 

(2)  JW  example. 

If  (T,  -",  and  71,  were  58°,  |°,  and  2,  respectively,  then  we 
should  have 

tand,"  =  — ^  =    -8001  (=  tan  38^°), 

*  Striotlf  apetkbg  thU  is  not  abHolutoly  oorrect,  for  it  lUBamea  that  tbe 
■eoond  peroeutage  ahould  bo  vaJcnluted  on  - ,  wbereos  it  onghl  to  be  calculated 


f 

I 
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1-6160 
6003 


■7954 


-) 


100  =  1  ■  7  per  cent. 


It  may  be  pointed  out  that  this  last  example  shows  the 
poBsible  pereentiige  of  error  which  may  occur  when  mating  a 
halved  OTirrent  test  with  the  tangent  galvanometer  under  the 
best  possible  conditions.  Practically,  therefore,  we  may  aay 
that  under  no  possible  conditions  could  the  deflection  error  in  a 
halved  current  test  be  regarded  as  being  less  than  1^  per  cent. 
As  will  be  seen  when  we  come  to  consider  such  tests,  other 
ooiu'ceB  of  error  are  met  with  which  still  further  reduce  the 
degree  of  accuracy  with  which  the  teats  can  be  made. 

B6.  Although  in  formulse  [B]  and  [D]  the  function  of  the 
deflections  has  been  taken  as  the  tangent,  yet  the  formulse  apply 
equally  well  in  cases  where  the  current  strengths  are  propor- 
^tional  to  any  other  function  of  the  deflections. 

Calibratios  of  Galvanometebs.' 
37.  The  deviations  in  degrees  of  the  needle  of  a  galvano- 
meter which  is  not  of  the  tangent  form  are  not  generally  pro- 
portional to  any  simple  function  of  those  degrees,  yet  it  is  easy 
to  determine  the  relative  values  of  the  deflections  in  terms  of 
the  currents  which  would  produce  them,  that  is,  to  calibrate  the 
scale.  In  order  to  do  this,  it  is  simply  necessary  to  join  up  in 
circuit  with  the  galvanometer,  a  battery,  a  set  of  resistance 
coils,  and  also  a  galvanometer  the  values  of  whose  deflections 
are  known  (a  tangent  galvanometer,  for  example).  This  being 
done,  and  the  galvanometers  being  set  so  that  their  needles  are 
at  zero,  we  insert  sufBcient  resistance  in  the  circuit  to  reduce 
the  deflection  in  one  of  the  instruments  to  1°,  and  then  by 
means  of  a  "  shunt "  (Chapter  IV.)  we  also  reduce  the  deflection 
of  the  needle  of  the  second  galvanometer  to  1°.  We  now 
reduce  the  resistance  in  the  circuit  step  by  step  so  as  to  produce 
deflections  of  1°,  2°,  3°,  4°,  &g.,  from  the  needle  of  the  ealvano- 
meter  whose  scale  is  required  to  be  calibrated.  As  each  deflec- 
tion is  obtained  we  observe  and  note  the  corresponding  deflection 
on  the  tangent  instrument.  When  the  whole  range  of  the 
scale  (or  as  much  of  it  as  is  considered  necessary)  of  the  instru- 
ment under  calibration  has  been  gone  through,  we  can  construct 
a  table  for  use  with  it  by  writing  down  opposite  the  various 
degrees  of  deflection  the  tangents  of  the  deflections  which  were 
obtained  on  the  tangent  instrument  and  which  corresponded  to 


he    ^ 
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the  deflections  in  qtieation.  The 
uaeil  precisely  in  the  Bame  way  f. 
ia  the  case  of  a  tangent  galvanon 
be  remarked,  the  determination 
error  in  a  deflection.     It  may  i 


table  BO  conatmcted  wonld  be 
H  would  the  table  of  tangents 
eter,  the  use  including,  it  may 
if  the  percentage  valne  of  an 
1  be  remarked  that  the  angle 
of  maximum  eensitivenefis  would  be  the  deflection  which  was 
obtained  when  the  needle  of  the  tangent  iuetrument  pointed 
to  45". 

The  Thomson  Galvanometer. 

38.  The  accuracy  with  which  measurements  can  be  made 
depends  chiefly  upon  the  sensitivenees  of  the  galvanometer 
employed  in  making  those  meaenrements.  The  Thomson  re- 
fleeting  galTanometer  supplies  this  requisite  sensitiveness,  and 
ie  the  instrument  -whicn  ia  almost  invariably  employed  when 
great  accuracy  ia  required,  and  also  when  very  high  resist- 
ances have  to  be  meauured. 

Deseripiion. 

39.  The  principle  of  the  galvanometer  is  that  of  employing 
a  very  light  and  small  maguetiu  needle,  delicately  suspended 
within  a  large  coil  of  wire,  ami  of  magnifying  its  movementa 
by  means  of  a  long  index  band  of  light.  This  index  hand  is 
obtained  by  throwing  a  beam  of  light  on  a  small  mirror  Hxed 
to  the  suspended  magnetic  needle,  the  ray  being  reflected  back 
on  to  a  graduated  scale.  This  scale  being  placed  about  3  feet 
distant  from  the  mirror,  it  is  obvious  that  a  very  small  angular 
moTement  of  the  mirror  will 

cause  the  spot  of  light  reflected  £ 
on  the  scale  to  move  a  consider-  j) 
able  diatauee  across  it. 

The  needle  being  very  small, 
and  being  placed  in  the  centre 
of  a  large  coil,  the  tangents  of  (■> 
ito  deflections  are  spproii-  i, 
mately  directly  proportional  to 
the  strength  of  the  currents 
producing  them. 

In  Fig.  13,  let  L  ho  a  lamp     _ 
which  throws  a  beam  upon  the 

mirror  m,  which  has  turned  through  a  email  angle,  and  reflected 
the  beam  on  the  scale  at  D.  Let  d  be  the  distance  through 
which  the  beam  has  moved  on  the  scale  from  zero  point  at  L, 
and  let  I  be  the  distance  between  the  scale  and  the  mirror. 
^Npw  the  angle  through  which   the  beam  of  light  turns  will  be 


i. 
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twice  the  angle  through  which  the  mirror  turns.  This  is  clear 
if  wo  suppose  the  mirror  to  have  turned  through  45°,  when  the 
reflected  beam  will  be  at  90°,  or  at  right  angles  to  the  incident 
beam.     If,  then,  we  call  a  the  angle  through  which  the  beam 

\  of  light  turns,  -^  will  be  the  angle  through  which  the  mirror 

[■will  have  turned.      Let  ^  and  -x   be  the  two  angles  through 

which  the  mirror  has  been  turned  by  two  currents,  of  strengths 

C|  and  Cj  respectively,  then 

C, :  C, ; :  ta.n  x'  :  tan  ^ ; 


!   -  ■  /_l±Ji^l^iJ:i  .  V'  1+  tan'a^  -  1 


Vl  +  ^'^  being  positive,  as  the  angles  are  less  than  90°. 

I  being  the  distance  of  the  scale  from  the  mirror,  let  d,  and 
d^  be  the  distances  traversed  on  the  scale  by  the  beam  of  light, 


[  therefore 

C,  :  Q,::d^{'Jp-\-d,^  -l):d,  (VP+lj^-  /)j 
when  d,  and  dj  do  not  differ  largely,  then  we  may  take 
C,  :  Cj  ::  <i,:  d,; 

but  when  this  is  not  so  the  error  may  be  considerable.  For 
instanoe,  suppose  d,  =  150,  and  d,  =  300.  According  to  the 
last  formula  this  would  show  that  one  current  is  just  twice  as 
strong  as  tho  other,  but  by  the  oorrect  formula,  taking  I  =  1500 
I  divifiionH  (which  would  be  about  its  value),  we  tiad  that 

,.'G  ;;  300( V i500^4-160' - 1600) ;  150  (Vi500^+360'-1600), 
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Ci  :  C,  : :  2244  :  4456. 

C,  :  C,  ::  160  :  297  ■  14; 

80  that  when  extreme  accnracy  is  required  we  oannot  take  the 
atrengtha  of  current*  as  being  exactly  proportional  tu  the 
number  of  JiviBiouB  of  deflection  on  the  scale. 

The  galvanometer,  as  usually  conetructod,  oonEiBta  cBBentially 
of  a  -very  hmall  magnetic  needle,  about  three-eighths  of  an  inch 
long,  fixed  to  the  back  of  a  small  circular  min'or,  whose  diameter 
18  about  equal  to  the  length  of  the  niapiet.  This  mirror,  which 
ie  sometimes  a  plano-convex  lens,  of  about  six  feet  focus,  is 
suspended  from  its  circumference  by  a  single  cocoon  fibre  devoid 
of  torsion,  tbe  magnetio  needle  lieing  at  right  angles  to  the 
fibre.  The  mirror  is  placed  in  the  axis  of  a  large  coil  of  wire, 
which  completely  surrouuds  it,  80  that  the  needle  is  always  under 
the  influence  of  the  coil  at  whatever  angle  it  ia  deflected  to. 
A  beam  of  light  from  a  lamp  placed  behind  a  screen,  about 
three  feet  distant  from  the  coil,  falls  on  the  mirror,  and  is 
reflected  back  on  to  a  graduated  scale  placed  just  above  the 
poijit  where  the  beam  emerges  from  the  lamp.  The  scale  is.  as 
we  have  before  said,  straight,  and  is  usually  graduated  to  860 
divisions  on  either  aide  of  the  zero  point. 

40.  The  Thomson  galvanometer  is  made  in  a  variety  of  forma  ; 
Fig.  14  gives  a  front,  and  Fig.  15  a  aide  elevation  (with  glass 
shade,  &c.,  removed)  of  one  very  common  pattern. 

It  consiata  of  a  base  formed  of  a  round  plate  of  ebonite, 
provided  with  three  levelling  screws  ;  two  spirit-levola,  at  right 
angles  to  one  another,  are  fixed  on  the  top  of  this  plate,  so  that 
the  whole  instrument  can  be  accurately  levelled ;  sometimes  one 
circular  level  only  is  provided,  but  tbe  double  level  is  much  the 
best  arrangement. 

From  the  base  riao  two  brass  columns,  between  which  »  brass 
plate  is  fixed,  rounded  off  at  the  top  and  bottom.  Against  the 
faces  of  this  plate  are  fixed  the  coils  (c,  e,  c,  c)  of  the  instiniment. 
The  brass  plate  has  shallow  countersinks  on  its  surface  for  the 
faces  of  the  coils  to  fit  into,  so  that  they  can  be  fitted  in  their 
correct  plaeea  without  trouble  or  danger  of  shifting.  Round 
brass  plates  press  against  the  outer  surfaces  of  the  coils  by 
means  of  screws,  and  keep  them  firmly  in  their  places.  There 
art!  two  round  holes  in  tbe  brass  plates  coinciding  with  the 
centre  hoW  in  tbe  coils. 

The  coils  tliemsolves,  which  are  four  iu  number,  are  wound 
oa  bobbina  of  thin  insulating  material,  the  wire  being  heaped 
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Up  towards  the  cheek  of  the  bobbin  which  bears  against  the 
brass  plate.  This  heaping  up  ia  done  in  accordance  with  a  law 
of  Sir  William  ThomBon,  so  as  to  obtain,  aB  far  bm  possible,  a 
maximum  effect  out  of  a  minimum  quantity  of  wire.  The 
edges  of  the  coils  are  covered  with  shellac,  bo  as  to  pi-otect  the 
wire  from  injury. 

Fig.  15. 


(SAuifo  remmed.)    {  teal  xize 


Within  the  boles  in  the  brass  plate  are  placed  two  little 
magnets,  n  s  and  s  n,"  formed  of  watch-spring  highly  magnetised  ; 
they  are  connected  together  by  a  piece  of  aluminium  wire,  so  na 
to  form  an  astatic  pair  of  needles.  A  small  givove  is  cut  in  the 
brass  plate,  between  the  upper  and  the  lower  hole,  for  the 
aluminium  wire  to  hang  freely  in. 

An  aluminium  fan  is  fixed  at  right  angles  to  the  lower 
needle  ;  this  fan  acts  as  a  damper,  and  tends  to  check  the 
mscillations  of  the  needles  and  to  bring  them  to  rest  quickly. 

In  front  of  the  top  needle  is  fixed  the  mirror.  It  is  suspended 
by  a  fibre  attached  at  its  upper  eud  to  a  small  stud,  wtiich  oan 
be  raised  or  lowered  when  reciuired.  When  pressed  down  as 
fiir  as  it  will  go  the  needles  rest  on  the  coils,  and  the  tension 
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Tieing  taken  off  the  fibre,  there  is  no  danger  of  breaking  it  by 
moving  the  instrument. 

One  end  of  each  coil  ia  connected  to  one  of  the  four  terminals 
in  iront  of  the  baae  of  the  instrument,  the  other  ends  being 
connected  to  one  another  through  the  medium  of  the  e 
terminals  placed  midway  on  either  side  of  the  coils. 


The  connections  are  bo  made  that,  when  the  two  middle 
terminals  on  the  base  of  the  instrument  are  joined  together,  the 
■whole  four  coils  are  in  the  circuit  of  the  two  onter  terminals,  eo 
that  they  all  four  act  on  the  magnetic  needles. 

Ah  it  is  often  convenient  to  be  able  to  conple  up  the  four 
coi}B  ia  (different  ways  so  as  to  vary  their  total  resistance,  in  the 


IL 
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instmments  raanufactared  by  the  Silvertown  Telegraph  Works 
Company  the  ends  of  all  the  four  coils  are  connected  to  ter- 
minaU  in  a  manner  designed  by  Meeitra.  March  Webb  and 
R.  K.  Gray,  and  shown  by  Fig.  16.  This  figure  representa  the 
base  of  one  of  these  instruments.  Lines  are  engraved  ou  the 
ebonite  base  to  show  the  routes  followed  by  the  various  coils. 
Arrows  also  are  engraved  alongside  the  lines  to  show  the 
directions  in  which  the  currents  must  flow  in  order  that  all  the 
coils  may  tend  to  turn  the  galvanometer  needle  in  the  aama 
direction. 

There  are  five  possible  ways   of  coupling  up  tdl  the  coils 
together,  so  as  in  each  case  to  produce  a  difierent  resistance. 
The  following  will  show  the  various  methods : — 
I.  To  obtain  total  resistance  of  all  the  coils  in  series,  connect 

terminals  2  and  3,  4  and  5,  6  and  7. 
II.  To  obtain  f  resistance,  connect  terminals  2  and  3,  2  and  5. 

7  and  6,  7  and  4, 
IIL  To  obtain  i  resistance,  connect  terminals  2  and  3,  4  and  8, 

1  and  6,  6  and  7. 
IV.  To  obtain  -^  resistance,  connect  terminals  2  and  8,  1  and 

3,  4  and  5,  6  and  7. 
V-  To  obtain  -^g  resistance,  connect  terminala  1  and  3, 3  and  5, 

5  and  7,  6  and  8,  4  and  6,  3  and  4, 

In  each  case  the  leading  wires  from  the  galvanometer  must 

I  connected  to  terminals  1  and  8. 

Referring  again  to  Fig.  14 ;  over  the  coila  a  glass  shade  is 
placed,  from  the  middle  of  the  top  of  which  a  braaa  rod  rises. 
A  short  piece  of  brass  tube  slides  over  this  rod,  with  a  weak 
ateel  magnet,  slightly  cui-ved,  fixed  at  right  angles  to  it.  This 
magnet  can  be  slid  up  or  down  the  rod,  or  twisted  round,  as 
occasion  may  require.  For  fine  adjustments  a  tangent  screw  is 
provided,  which  turns  the  braes  rod  round,  and  with  it  the 
magnet. 

I'igs.  17  and  18  show  modified  forms  of  the  instrnment, 
which,  however,  in  general  a7rangement  are  similar  to  the 
pattern  which  has  been  described. 

In  the  more  recent  galvanometers  manufactured  by  Mefisrs. 
Elliott  Brothers,  the  brass  platee,  which,  in  the  older  instru- 
ments, secured  the  coils  in  their  places,  are  hinged  to  the  frame, 
whilst  the  coils  ihemBelves  are  peTmanently  fixed  to  the  plates ; 
by  this  arrangement  the  magnetic  needles,  with  their  mirror, 
fibre-suspension,  &c.,  attachments,  can  be  got  at,  if  required, 
with  the  greatest  facility.  Altogether  this  improvement  is  one 
otthaittOBt  oonvenient  that  has  been  lately^  made. 
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About  5000  or  6000  ohms  is  usually  the  total  resistanoe  of  tl 
coils  of  these  galvanometers. 


Fig.  19  shows  a  portable  reflecting  galvanometer  which  is 
very  useful,  especially  for  travelling  parposes ;  the  three  legs 
are  hinged  at  their  junction  with  the  lower  part  of  the  coil 
frame,  so  that  they  oan  be  folded  together,  and  thus  made  to 
occupy  but  little  spoee.  Owing  to  the  instrument  being  prn- 
vided  with  but  two  coils  (one  in  front  of,  and  the  other  behind, 
the  needle)  its  sensitiveness  is  not  quite  so  great  as  the  larger 
instruments  with  four  coils,  but  for  general  purposes  it  is  an 
excellent  piece  of  apparatus. 

41.  We  Lave  said  that  the  mirror  is  sometimes  made  of  a 
plano-convex  lens,  1'his  is  done  so  as  to  obtain  a  sharp  image 
of  the  spot  of  light  on  the  scale.  The  width  of  the  spot  can 
be  regulated  by  means  of  a  brass  slider  fixed  over  the  hole  in 
the  screen,  through  which  the  beam  emerges  from  the  lamp. 

A  much  better  arrangement  than  the  spot  of  light  is  now 
- /iropided  with  most  instrumeutfl.    The  hole  through  which  the. 
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light  Mnerges  is  made  round,  about  tlie  size  of  a  sixpence,  with 
s  piece  of  fine  pladanm  wire  stretched  vertictilly  across  its 
diameter.  A  lens  is  placed  a  little  distance  in  front  of  this 
hole,  between  the  aoale  and  galvanometer,  so  that  a  round  spot 
of  light,  with  a  thin  black  line  across  it,  is  reflected  on  the 
scale.     This  enables  readings  to  be  made  with  great  eaae,  as 


J  on  the  scale  can    be  very  distinctly  seen.     (The 
mirror  in  this  arrangement  may  bo  a  plane  one.)     When  the 

Xot  of  light  only  is  used,  it  is  necessary  to  partially  illuminate 
e  scale  with  a  second  lamp.  I'he  general  appearance  of  a 
back  view  of  the  scale  frame  with  the  lamp  placed  in  position, 
is  shown  by  Fig.  20. 

Jaedb'g  Traiuparent  Scale. 

42.  Thepositionof  the  ordinary  form  of  scale  for  the  Thomson 'a 
galvanometer  is  to  a  certain  extent  inconvenient,  especially  to 
near-sighted  individuals.  Mr.  F.  Jacob  has  completely  remedied 
this  inconvenience  by  the  arrangement  shown  in  front  view  and 
cross  section  by  Fig.  21.  In  this  fig,  B  ia  a  wooden  scale  board 
with  a  longitudinal  slot,  as  shown  at  C  ;  P  is  the  paper  scale,  cut 
80  that  all  the  division  tines  recLch  the  lower  edge ;  A  is  a  slip 
of  plane  glass  wiih  its  lower  half  finely  ground  from  one  end 
of  the  slip  to  the  other,  on  the  side  towards  C :  the  scale  is  so 
placed  tliat  the  lower  end  of  the  division  lines  just  timohes  the 
ground  part  of  the  glass  slip.  The  image  of  the  slit  with  a  fine 
wire  stretched  across  it  is  focussed  in  the  ordinary  manner 
the  ground  part  of  the  glass,  and  will  of  course  be  clearly  se 
by  we  observer  on  the  opposite  side  of  the  scale ;  as  the  line  am^  i 
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printed  divisiona  are  in  the  same  plane,  there  ia  no  parallax. 
and  a  great  increase  in  accuracy  of  reading  the  position  of  the 
hair  line  ia  obtained,  owing  to  the  greater  ease  of  observing  that 
two  lines  coincide  when  end  on  to  one  another,  than  when  super- 
imposed ;  and  further,  from  the  circumstance  that  the  room  need 
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The  lamp  and  its  slit  is  placed 
and  reflects  the  beam  of  light  on  to  the  galvanometer  by  a 
uiiiTor  or  total  reflection  prism,  and  by  means  of  two  long  plane 
mirrors  the  actual  distance  between  the  galvanometer  and  scale 
is  reduced,  bo  aa  to  have  everything  close  to  the  observer's  hand. 
The  scale  adopted  is  divided  into  half  millimetres,  and  it  is  per- 
fectly easy  to  read  to  a  quarter  of  a  division,  and  with  a  hand 
niagnifying-glasB  still  further.  This  arrangement  has  been 
adopted  in  the  testing-rooms  of  Mesara.  Siemens  Brothers  and 
Co.,  at  Woolwich,  and  gives  great  satisfaction. 

43.  In  the  testing-rooaiB  at  the  Silvertown  Telegraph  Works 
the  soalea  employed  are  of  large  dimensions,  being  about  6  feet 
long,  and  are  act  at  a  distance  of  several  feet  from  the  galvano- 
meter. By  this  arrangement  a  greatly  magnified  image  of  the 
round  spot  of  light  with  the  black  line  across  it  ia  obtained,  and 
the  divisions  on  the  scale  being  of  coneapondingly  large  dimen- 
sions, the  readings  can  bo  made  with  great  facility,  and  with 
very  little  fatigue  to  the  eye.  The  only  objection  to  the 
arrangement  is  the  space  which  it  necessarily  occupies,  but  aa  it 
is  not  ofton  that  many  InatrumeutB  require  to  he  aet  up  in  the 
same  room,  this  need  hardly  be  taken  into  account. 

To  get  up  the  Galvanometer. 

44.  It  iB  essential,  before  proceeding  to  set  np  the  instrument 
for  use,  to  see  that  the  ebonite  buse  is  thoroughly  dry  and  clean, 
BO  that  there  may  be  no  leakage  from  the  wires  to  interfere  with 
the  teata  taken.  Indeed,  it  ia  as  well  to  place  the  galvanometer 
and  the  other  apparatus  to  be  used  on  a  large  sheet  of  gntta- 
percha  or  ebonite,  more  especially  if  the  room  in  whioh  the 
teata  are  to  be  made  ia  at  all  damp.     Sometimes  little  ebonite 

ii^aps  are  provided  for  the  levelling  screws  of  the  instrumeat 
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to   stand    in,  wluck  answer  the  porpoae  of  JiMiililJin,   v«s]r 

thorongUj'. 

The  isstrBment  BhooU  be  set  np  od  »  Tfirj  ins  taU*  is  ft 
baaemeut  etorej.  It  is  altnoet  nsrif  to  tut  witk  it  in  •■  "Ppcr 
room,  as  the  least  ribntiofi  Radatbe  ipotof  iigbt  Aanamg  amA 
vibmtiiig  to  and  &i>.  At  all  table  mRb  the  iBBtrvment  is 
placed  on  a  solid  brick  taUe  bailt  on  the  earth,  k)  that  no 
vibration  can  poesibty  affect  it. 

A  Bailable  table  being  choeen,  set  the  galTanometeT  in  any 
convenient  pwition,  anil  adjust  the  levelling  screws  until  the 
habblee  of  the  level  or  levels  shoiv  the  iuatnunent  to  be  perfectly 

Now  remove  the  glass  shade,  and  gently  raise  the  stad  at  the 
top  of  the  coils  by  sqaeezing  the  tips  of  the  fingers  between  the 
h^,d  of  the  Btad  and  the  t<jp  of  the  brass  piate  in  which  it  runs. 
If  the  stud  is  raised  bya  direct  pull,  there  is  almost  a  certainty 
of  its  coming  up  with  a  jerk  and  breaking  the  fibre.  On  no 
account  most  the  stud  be  twisted  round,  except  to  get  rid  of 
any  torsion  which  may  exist  in  the  fibre  when  it  has  been 
replaced  after  becoming  broken. 

The  stud  being  raised  sufficiently  high  to  allow  the  mirror  to 
swing  clear  of  the  coila,  replace  tTie  gl»ss  shade,  screw  the  braes 
rod  with  the  magnet,  on  to  its  top,  and  set  the  magnet  about 
half-way  up  the  rod,  the  poles  being  placed  bo  as  to  assist  in 
keeping  the  magnetic  needles  north  and  south. 

The  scale  lamp  being  lighted,  place  it  in  position  ou  the 
scale  stand,  the  edge  of  the  wick  being  turned  towards  the 
braes  slider  which  regulates  the  width  of  the  beam  of  light. 
Having  opened  the  slider  to  ita  full  extent,  the  scale  and  lamp 
should  be  placed  about  3  feet  from  the  galvanometer,  so  that  it 
stands  parallel  with  the  faces  of  the  coils  and  bo  that  a  line 
draws  at  right  angles  to  the  Bcale  from  the  lamp-hole  will  pass 
through  the  centre  of  the  galvanometer.  The  reflected  beam  of 
light  should  then  fall  fairly  on.  the  scale.  If  too  high,  this 
may  be  remedied  by  propping  up  the  scale,  and  if  too  low,  by 
screwing  up  the  levelling  screws  of  the  galvanometer.  It  is 
easier  to  prop  up  the  scale  than  to  lower  the  galvanometer  by 
means  of  the  levelling  screws,  if  the  light  is  too  high  on  the  scale. 

The  spot  of  light  should  now  be  set  at  the  zero  point  on  the 
scale  by  turning  the  regulating  niagnot  by  means  of  the  screw ; 
the  spot  should  next  be  focussed,  by  advancing  or  retreating  the 
lamp  and  scale,  until  a  sharply  defined  image  is  obtuinod  on  the 
scale.    'I'he  width  of  the  slit  may  then  be  diminished,  by  m  " 

the  brass  slide,  until  a  thin  line  of  light  only  is  obtained 
aoale.    If  the  round  spot  of  light  with  the  line  across  it  is  used, 
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the  fooiiBsing  must  bo  made  bo  that  the  black  line  of  light  ia 
sharply  defined. 

The  position  of  the  scale  and  galvanometer  being  once  ol> 
tained,  their  positions  on  the  table  may  be  marked  for  future 
occaaione,  or,  at  leaat,  the  exact  diKtanoo  of  the  Bcale  from  the 
galvanometer  noted,  so  that  it  can  he  placed  right  without 
trouble. 

The  instrnment  being  now  ready  for  nse,  if  it  is  not  required 
to  be  sensitive,  place  the  regulating  magnet  low  down ;  if,  on 
the  contrary,  it  is  required  to  be  sensitive,  place  it  high  up. 

45.  To  obtain  the  maximum  gengitivenege : — Jiaise  the  magnet  to 
the  top  of  the  bar,  and  then  turn  it  half  round,  so  that  its  poles 
change  places.  The  magnet  -will  now  be  opposing  the  earth's 
magnetism,  and  oonsequently  will  tend  to  turn  the  magnetic 
needles  roand.  If  the  magnet  is  at  the  top  of  the  rod,  the 
effect  of  the  magnetism  of  the  earth  on  the  magnetic  needles 
will  be  more  powerful  than  the  magnetism  of  the  regulating 
magnet,  and  the  needles  will  tend  to  keep  north  and  south ;  but 
by  placing  the  regulating  magnet  lower  down,  a  point  is  I'eached 
where  the  earth's  magnetism  ia  just  counteracted.  Under  these 
conditions  the  needles  will  stand  inciifTerently  in  any  position. 
By  placing  the  regulating  ma-gnet  about  an  inch  higher  than 
the  jioaitioB  which  gives  this  exact  counteraction,  the  magnetism 
of  the  earth  will  be  just  sufficient  to  keep  the  magnets  north 
and  south,  and  consequently  the  spot  of  light  at  the  zero  on 
the  scale,  and  at  the  sarae  time  leaves  them  free  to  be  moved 
by  a  very  slight  force.  It  will  be  noticed  with  the  regulating 
magnet  in  this  position,  that  in  order  to  get  the  spot  of  light 
at  the  zero  point,  the  magnet  must  be  turned  in  the  opposite 
direction  to  that  in  which  it  is  required  that  the  needles  should 

It  is  not  advisable  to  adjust  the  instrument  too  sensitively, 
because  it  is  difficult  then  to  keep  the  spot  esactly  at  zero,  as 
any  slight  external  action  may  throw  it  a  degree  or  two  out. 

4G.  The  presence  of  iron  near  the  instrument  is  not  prejudicial 
to  its  correct  working,  so  long  as  it  remains  stationary.  The 
experimenter  should,  however,  remove  any  keys  or  knives  he 
may  have  about  him,  as  they  very  much  affect  the  galvanometer 
if  he  moves  about  much.  These  precautions  may  seem  too 
minute,  but  as  the  very  object  of  the  Thomson  galvanometer  is 
to  enable  measurements  to  be  made  with  accuracy,  all  likely 
oauses  of  disturbance  should  be  avoided. 

47.  If  the  fibre  of  the  instrument  by  any  chance  gets  broken, 
the  top  front  plate  must  be  unscrewed,  when  the  coil  which  it 
secures  can  be  removed,  and  the  mirror  and  its  appendages  got 
at.     Care  eboald  be  taken,  when  replacing  the  fibre,  that  only! 
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a  mngle  tLread  from  the  cococn  silk  is  used,  or  the  seneitiveiiees 
of  the  infitrument  will  be  mnch  diminished.  The  operation 
reqnirefl  care,  and  mutit  be  done  iB  a  room  free  from  drstights. 
When  the  ends  of  the  fibre  arc  paased  through  their  respective 
holes,  and  tied,  a  email  drop  of  shellac  vamieh  may  be  dropped 
on  them,  ■which  will  prevent  their  becoming  loose. 

It  is  as  well  ta  let  the  needles  remain  suspended  for  a  time, 
so  that  the  fibre  may  become  stretched  to  its  normal  length 
before  being  nsed. 

The  snapending  atud  shonld  al-ways  be  pressed  down  before 
removing  the  iostrnments. 

48.  Areeistance  box,  containing  three  tAunfs,  is  provided  with 
the  galvanometer,  of  the  valnes  Jth,  5'jth,  and  spjth  of  the 
resistance  of  its  coils,  which  values,  as  we  shall  show  in  the 
next  chapter,  enable  na  to  reduce  the  sensitiveness  of  the  galva- 
nometer to  its  I'ljth,  xJro*''"  ^^^  td'ds'-''  P"'^  respectively. 
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Fig.  22  shows  a  form  of  this 
shunt.      By  inserting  a  plug 
anto  one  or  other  of  tho  holes, 
the  required  shunt  is  inserted. 
The  numbers  are  sometimes 
marked    as   ^tb,  t^s^'^'  ^^'^ 
^n'oflth,  instead  of  Jt  h,  j,\,ih,  and 
-[[Jr^th,  thereby  indicating  that 
the  particular  shunt  reduces 
b  deflections  of  the  needle  to  that  particular  fraction,  hut  they 
have  just  the  same  adjustment  really  in  boih  cases. 

Tho  shunts  are  sometimes  enclosed  in  a  round  brass  box,  as 
ahown  by  Fig.  23,  which  is  perhaps  a  more  portable  b^  «itegUE),V 
Q  than  the  foregoing-. 
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The  two  broad  atrips  of  copper  shown  in  Fig.  22  are  used 
for  the  purpose  of  connecting  the  box  with  the  galvanometer. 
The  blank  plng-hole  is  for  the  purpose  of  Bhort-cironiting  it, 
which   should  always   be  done  when  the   instrument 
actually  in  use. 


Thomson's  Dead-beat  Galvanometer. 

49.  Great  inconvenience  and  loss  of  time  in  testing  often  arise' 
from  the  needle  of  the  galvanometer  not  settling  down  at  onoer 
to  the  angle  of  deflection  it  Bhould  take  up  when  under  the 
influence  of  a  constant  current,  but  oscillating  to  and  fro  several 
times  before  it  finally  comes  to  rest,  and  again  acting  in  the 
Bame  way  when  the  current  is  taken  off  and  the  needle  returns 
towards  the  zero  point.  The  object  of  the  deail-beal  galvanometer 
is  to  avoid  these  inconvenient  oscillatioue. 

Fig.  24  shows  tbe  arrangement  invented  by  Sir  ■William 
Thomson  for  effecting  this  object. 
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A  is  a  brasa  tube,  whose  end  a  a,  which  is  screwed,  is  closed 
by  a  piece  of  glass.  B  is  a  shoi-t  piece  of  tube,  which  is 
and  whose  end  b  b  is  similarly  closed  by  a  piece  of  glass.  C  ii 
a  third  short  piece  of  tube,  into  which  the  ends  of  A  and  I 
BOrew.  The  length  of  this  tube  is  such  that  when  the  whol 
arrangement  is  united  together  there  is  a  very  small  spac 
between  the  ends  a  a  and  66;  a  small  air-tight  cell  in  faot  I 
formed. 

Hanging  jnidway  inside  G  is  a  mirror  in,  ^th  a  : 
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needle  fixed  to  it,  as  in  the  ordinary  Thomson  gaWanomoter. 
This  mirror  very  nearly  fits  insitlo  the  tube,  thei-e  being  only 
just  njom  for  it  to  awing  freely ;  it  is  suspended  by  a  very  short 

The  space  between  a  a  and  6  6,  although  very  small,  is  jnat 
sufficient  to  enable  the  niiiror  to  turn  through  an  angle  largo 
enough  to  give  a  good  deflection  of  the  spot  of  light  on  the 

The  complete  arrangement  is  inserted  in  the  oentre  of  a  single 
galvanometer  coil,  so  that  the  mirror  occupies  the  same  position 
^at  it  does  in  the  ordinary  galvanometer. 

Owing  to  the  air  inside  the  cell  being  so  closely  confined,  the 
violent   movement  of  the  mirror  is  checked  when  it  is  acted 


recoiling,  turns  straight  to  its  proper  deflection  and  stops  dead. 
The  same  thing  takes  place  when  the  current  is  cut  off:  in  this 
case  the  spot  of  light  moves  back  to  zero  and  stops  dead  at  tliat 
point. 

The  suspension  fibre  being  very  short,  the  mirror  cannot  turn 
so  fieoly  as  the  one  in  the  ordinary  galvanometer  ;  its  sensitive- 
ness is  therefore  not  quite  so  great,  but  it  is  sufBoiently  so  for 
most  purposes  for  which  the  latter  would  be  used. 

The  fibre  is  very  easily  replaced  when  broken.  One  end  being 
attached  to  the  mirror,  the  other  is  passed  through  a  small  hole 
in  the  side  of  C,  and  is  then  drawn  sufficiently  tight  to  suspend 
the  mirror  inside  the  tube  so  that  it  does  not  touch  the  sides,  a 
drop  of  shellac  is  then  applied  to  the  hole,  which  closes  it  and 
fixes  the  fibre, 


P  Thomson's  Marisb  Qalvanomktek. 

50.  This  instrument  is  specially  consti-ucted  for  use  on  board 
ship,  where  the  rolling  of  the  vessel  and  the  constant  movement 
of  masses  of  iron  about  would   render  an  ordinary  reflecting 
galvanometer  quite  useless. 
.  Fig.  25  shows  a  side  view  of  this  instrument,  the  upper  part 

Bug  drawn  in  section. 

C  C  C  C  are  the  ooils,  which  are  similar  in  form  to  those 
..  iployed  in  the  ordinary  Thomson's  galvanometer;  there  is, 
however,  but  one  set,  of  two  coils,  instead  of  two  sets  as  in  the 
latter. 

The  mirror,  with  the  magnetic  needle  fixed  to  its  back,  is 
atrang  on  a  cocoon  fibre  in  a  braes  frame.    The  fibie  u  ^ssd.  uX 
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e  end,  and  at  the  other  is  atiached  to  a  spring,  which  draws 
the  fibre  tight.  The  frame  slides  in  a  groove  between  the  coils, 
$0  that  it  can  he  drawn  out  for  the  purpose  of  repairing  the 


FiQ.  26. 


[  fibre.  A  powerful  directing  horse-ahoe  magnet  (not  shov 
\  the  figure)  embraces  the  npper  parts  of  the  coils,  and  serves  to 
overpower  the  directive  effect  of  the 
earth's  magnetism.  This  latter  effect  is 
BtHl  further  rendered  harmless  by  en- 
closing the  whole  system  in  a  masaiva 
soft-iron  case  A  A  A  A,  a  little  window 
B  being  left  through  which  the  rays  of 
light  reflected  by  the  mirror  enter  and 

For  obtaining  exact  adjustment  of  the 

spot  of  light  to  zero,  two  little  magnets, 

n  and  s,  as  broad  as  the  mirror  magnet 

is  long,  are  provided  ;    by  turning  the 

pinion  p  these  little  magnets  can  be  made 

to  advance  or  retreat,  and   bo  act  on   the  mirror  magnet  to 

make  it  turn  in  one  direction  or  the  other,  as  it  is  required. 

The  reaJstanoe  of  this  form  of  galvanometer  (which  is  shown 
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in  general  view  by  Fig.  26)  is  tiHiially  as  high  as  30,000  or  40,000 
ohms. 

51,  The  angle  nf  maximum  smtitiin:nesg  in  the  Thomson  reflecting 
galvanometera  is,  it  iB  perbapa  uuneceesary  to  say,  the  largest 
deflection  -we  can  obtain,  as  the  angle  of  deflection  la  but  a  very 
few  degreet,  and  consequently  the  true  maximuok  angle  can  never 
be  reached. 


FiGUKE  OF  Merit  of  Galvanometers. 


^^■^63.  The  "figure  of  merit"  of  any  galvanometer  may  beat  be 
■  "^iefined  aa  the  reciprocal  of  the  amount  of  current  which  will 
produce  one  division  or  degree  of  deflection. •  In  order  to  find 
this  current,  we  have  simply  to  join  up  the  galvanometer  in 
circuit  with  a  battery  of  a  known  electromolive  force,  and  a 
resistance  of  a  known  value,  and  then  note  the  deflection 
obtained  ;  from  this  we  can  easily  calculate  the  current  required 
to  produce  1  degree  of  deflection  ;  thus,  for  example,  if  we  had 
a  tangent  galvanometer  which  gave  a  deflection  of  50°  with  a 
10-c«ll  Daniell  battery,  that  is,  with  an  electromotive  force  of 
10  volts  approximately,  there  being  in  circuit  a  total  resistance 
of  1000  ohms,  then  the  current  producing  this  deflection 
would  be 

»10 
fOOO  =  "Ol  amperes. 


current  which  wonld  be  required  to  produce  a  deflection  of 
would  obviously  be 


:  fTTgg  =  '  0001+6  amp6rea  ; 


■000146 


consequently  the  figure  of  merit  ii 

In  the  case  of  a  Thomson  galvanometer,  we  have  simply  to 
divide  the  current  by  the  deflection  obtained  with  the  latter, 
since  the  deflections  are  directly  proportional  to  the  currents 
producing  them. 

If  we  require  to  determine  the  figure  of  merit  of  a  galvano- 
meter whose  deflections  throughout  the  scale  are  not  pro- 
portionate to  any  ordinary  function  of  the  degrees  of  those 

*  I(  i»  prpferalile  to  define  the  flgiiie  of  merit  eis  being  the  rec^imcal  oF  the 
cwrent  mlber  than  the  uurrent  itself,  [nusmuch  aa  b;  ao  doing  we  aToid  the 
fippirentl?  ooDtradietotj  at&tEment  that  a  j^lTanometer  with  a  high  figure  of 
■Mrit  ii  one  which  requirea  a  W  oaraeut  to  produce  a  perceptible  t'  "    " 
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deflections,  then  it  is  best  to  employ  a  sufficiently  low  electro- 
motive force  and  high  resistance  in  circuit  to  obtain  a  few 
degrees  of  deflection  only,  and  then  to  divide  the  current  by  this 
number  of  degrees;  for  on  every  galvanometer  the  first  few 
degrees  of  deflection  are  almost  exactly  proportional  to  the 
currents  producing  them,  although  the  higher  deflections  are 
not  so. 

The  "  figure  of  merit "  of  a  galvanometer  has  a  considerable 
bearing  upon  the  question  of  the  degree  of  accuracy  with  which 
it  is  possible  to  make  electrical  measurements,  as  will  be  seen 
hereafter. 

Sensitiveness  of  Galvanometers. 

53.  A  galvanometer  with  a  high  "figure  of  merit,"  that 
is,  a  galvanometer  whose  needle  will  deflect  from  zero  with  a 
very  weak  current,  is  not  necessarily  a  highly  sensitive  instru- 
ment ;  by  a  sensitive  galvanometer  we  mean  one  whose  needle  when 
deflected  under  the  influence  of  a  current  mil  change  its  deflection 
perc^tihly  with  a  very  slight  change  in  the  current  strength. 

In  many  tests  it  is  far  more  important  that  the  galvanometer 
used  be  one  of  great  sensitiveness  rather  than  one  with  a  high 
figure  of  merit.  As  a  rule  it  is  rarely  that  an  instrument  with 
a  compass  suspended  or  a  pivoted  needle  is  highly  sensitive, 
unless  indeed  the  pivoting  is  exceptionally  good.  Practically, 
it  may  be  taken  that  for  high  sensitiveness  the  needle  must  be 
suspended  by  a  fine  fibre  so  that  its  movements  may  be  perfectly 
free. 


54.  In  maHug  certain  meaBuremenls  we  sometiioes  find  that 
owing  to  the  sensitiveness  of  the  galvanometer,  we  are  unable 
to  obtain  a  readable  deflection,  from  the  needle  being  deflected 
up  to  the  Btops.  We  may  reduce  this  BensitiveneBs  by  the 
insertion  of  a  Shunt  between  the 
terminals  of  the  iuBtrnment.     This  F]rj^27. 

arrangement  is  shown  by  Fig.  27. 

If  it  is  required  to  reduce  the 
strength  of  current  which  ordi- 
narily paseeH  through  the  galvano- 
meter to  any  proportional  part 
of  that  current,  vre  must  calculate, 
from  the  resistance  of  the  galvano- 
meter, what  the  reBiatance  of  th« 
shunt  should  be  to  effect  that 
purpoBO. 

Now  if  we  call  C  the  current  passing  through  the  i 
vanometer  without  a  shunt,  then  on  introducing  the  ehunt, 
C  will  divide  between  the  two  resistances,  the  greater  por- 
tion of  the  current  going  through  the  smaller  resistance, 
and  the  smaller  portion  through  the  greater.  Thna  if  we 
suppose  the  total  current,  which  passes  from  one  terminal 
of  the  galvanometer  to  the  other,  to  consist  of  G  +  S  parts, 

then    = of  these  parts  will    go  through  the  shunt,  and 


G 


of  these  parts  will    go  through  1 
parta  through  the   galvanometer;  that  is  to  say,  Ihe 


I    ^ 
L »+ 

^Kwrrent  going  through  the  shunt  -will  be 

I      oA  the  current  going  through  the  galvanometer, 
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If,  in  tliis  last  qnantity,  wo  put  S  =  G,  then  current  goiii] 
throngli  galvanometer  will  be 

Again,  if  we  make  9  =  7: ,  onrrent    going  through  galvano- 


r  will  h 


Once  more,  if  S  t 
galvanometer  will  be 


} 


'"JM 


'  Finally,  if  S  be  made  equal  to ,  current  going  through 

galvanometer  will  be 


From  this  it  is  evident,  that  to  reduce  the  current  flowing 
I  through  the  galvanometer  to  its  -tb.  part,  wo  must  insert  a 

[  shunt  whoee  reaiatance  is  rth  part  of  the  resiatance  of  the 

galvanometer. 

55,  In  many  galvanometers  three  sbunta  are  provided,*  which 
enable  us  to  reduce  the  strength  of  current  flowing  through  it 
to  its  -iiflth,  T^th,  or  To'sTitl^  part.  From  what  has  been  said,  it 
will  be  evident  that  the  resistances  of  the  shunts  necessary  to 
produce  these  results  will  have  to  be  respectively  the  Jth,  ^'jth, 
I  and  T^jth  part  of  the  resistance  of  the  galvanometer.     We  are 

■  PsgaiS. 
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tlmi  flnaMed  to  redaoe  the  BeittitlweBt—  of  As  ^hmtwitCT  to 

an  J  one  of  tlaeae  duee  proportkiis  w«  widi. 

56.  Snj^xne  now,  in  milmg  *  ■iMwiiwinl,  m  placed  ■  re- 
Ratauoe  box  far  a  slumt  between  the  tmiaala  of  Um  ^TUko- 
metsr.  and  ihea  •djoated  H  nntil  we  got  a  convenient  defledian 
for  the  pmpoee  m  reqnind ;  whkt  deAectIra  daonld  w«  grt  on 
temoringtkeBtinnt?  Let  na  call  C,  a«  beline,  the  cnxreni  wbiefa 
pamniT  throng  the  galvanoneter  nhea  no  ahnnt  ia  inaerted, 
and  lot  C|  be  the  cnmnt  irhid  flom  tfarongh  it  wben  the 
ahnnt  is  ioserted,  Unai  the  cnmut  wbicb  flows  tbroo^  tbe 
absat  will  be 

C-C,. 

N<nr  the  two  cnmota  will  flow  ihrongh  the  ahnnt  and  galraoo- 
meur  in  the  inTerae  proportion  of  their  reaiataneea,  that  ts, 

C,  :  C  -  C,  : :  S  :  G, 


{ 


Or  expressed  in  words,  we  abonld  saj  that  the  coirent  which 

woold  flow  throngh  the  galTanometer,  when  the  shunt  waa 

,  ,,  ,      G<deaiumeter  +  ^mnl  ^  ..        ,         ..      , 

temovod.  wonld  be  — ™ — timee  the  strength  of 

tike  cnrrent  which  flows  when  the  ahnnt  ia  inserted.     This  pro- 
portion is  called  the  wadtipU/iMg  potttr  of  the  shunt. 

57.  It  will  be  noticed  in  a  circait  like  that  shown  by  Fig,  27 
that  when  a  shunt  is  intiodticed  between  the  terminals  of  the 

Elvnnometer  which  reduces  its  ^ensitiTeneea  to  ^,  or  a  shunt 
Ting  a  Tceistance  equal  to  that  of  the  galvanometer,  it  will 
not  exactly  halve  the  carrent  passing  throagh  the  instmment. 
ITwB  naed  a  tangent  galvaoometer,  we  should  find,  if  the  deSee- 
tion  without  the  shant  was  40  divisions  on  the  tangent  scale, 
tite  introduction  of  the  shnnt  would  not  liring  the  deflection 
down  to  20,  bnt  to  some  deflection  greater  than  20.  The  reason 
of  this  is,  that  the  introdnction  of  the  shant  reduces  the  total 
lodstance  in  the  battery  circait,  and  conseqaently  increases  tht- 
ttrength  of  the  carrent  passing  out  of  the  battery.  It  is  ihis 
mci««0ed  current,  then,  which  splits  between  the  galvanometer 
(ltd  ahnnt,  and  not  the  original  carrent.  To  make  up  for 
this  decreased  resistance  caused  by  the  introduoiion  of  the 
■tnutt,it  is  necessary  to  add  in  the  battery  circuit  a  eam^entating 
HiiadiMi  r  equal  in  value  to  the  amount  by  which  the  origioal 

goe  was  reduced.     In  order  to  obtain  this,  we  must  first 
r  the  law  of 
^^ 
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The  Joint  Bmstance  of  two  or  more  ParaUel  Circuits. 
58.     If     we    have    several     wires     whose     resistancea    are 
E|,  Bi,  Bj  .  .  .  .  respecTivoly,  then  coBduetivity  bdng  the  in- 
verse or  reciprocal  of  resistance,  their  conductivities  may  be 

represented  by  ^ .  =- .  =-....     Now  the  joint  conductivity 

tif  any  mimher  of  wires  is  simply  the  anm  of  their  respective 
conductivities.  Thus,  two  wires  of  equal  conductivities,  when 
joined  parallel  to  one  another,  will  evidently  conduct  ticiee  as 
well  as  one  of  them ;  and  in  like  manner,  three  wires  will 
conduct  three  times  as  well  as  one.  Similarly,  two  wires,  one 
of  which  has  a  conductivity  of  2,  will,  when  combined  with 
one  which  has  a  conductivity  of  1,  produce  a  conductivity  of 
2  4*  I  or  3,  for  this  is  simply  the  same  as  Joining  up  tnree 
wires,  each  having  a  conductivity  of  1 ;  and  so  with  any  number 

Therefore  the  joint  condactivitt/  of  the  several  resistances,  or 

multiple  arc  as  it  ia  called,  wiU  be  ir  +  ^"+^+  ■  •  ■  ■  and 
iC|     a^     H^ 
aaiJ,  the   reciprocal  of  rosist- 
will  be  the  reciprocal  of  this 


H, 


r+- 


That  is  to  Bay,  the  joint  regutanee  of  any  number  of  teirea  joined 
parallel  to  one  another  is  equal  to  the  reeiproeai  of  the  mm  of  the 
reciprocah  of  Iheir  reapeelive  rematancea. 

A  particular  case  of  these  combinations  ia  that  of  the  joint 
resistance  of  two  resistances,  thua 


1 


B.a, 


or,  the  joint  rmetance  of  two  registances  joined  paraBello  one  another 
is  equid  to  their  product,  divided  hi/  their  sum, 

59.  Applying  the  foregoing  law,  the  reaistance  between  the 
terminals  of  the  galvanometer  before  the  introduction  of  the 
shunt  being  G,  that  on  the  introduction  of  the  shunt  will  be 

.  b'o-B  ■    *^''>  ^  ^  '^  usually  made  some  fractional  value  of  G, 
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say  the rth  part  (whicli  value  would  be  used  in  reducinj; 

the  sensitiveness  of  the  galvanometer  to  -th),  this  combiiicd 
resistance  will  be 


G 


G 


G 


[1] 


The   resistance  therefore  to  be  added  in  the  battorj'^  circuit 
will  be 

G-^  =  G^!^.  [2] 

n  n 

"For  example. 

It  was  required  to  reduce  the  sensitiveness  of  a  galvanometer, 
whose  resistance  was  100  ohms  (G),  to  ^th.  What  should  be  the 
resistance  of  the  shunt  and  of  the  compensating  resistance  ? 

Resistance  of  shunt  equals 

100  X  = — r  =  25  ohms, 
5  —1 

and  compensating  resistance  equals 

K         1 

100  X   -^  =  80  ohms. 


It  would  be  as  well  if  the  shunt  boxes  provided 
with  galvanometers  had  compensating  resistances 
connected  with  them,  as  calculation  would  be  con- 
siderably simplified  thereby  in  a  large  number  of 
measurements. 

Fig.  28  shows  how  a  set  of  shunts  and  compen- 
sating resistances  may  be  adapted  to  any  galvano- 
meter ;  we  will  consider  how  their  values  may  be 
determined. 

Let  S,  S„  Sg,  be  the  shunts  which  can  be  con- 
nected to  the  galvanometer  by  iuserting  plugs  at 
A,  B,  or  C. 

Let  r„  Tj,  r,,  be  the  compensating  resistances,  and 
let 

n  +  »-2  +  n  =  Ri 


Fig.  28. 


[31 
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Now,  what  we  have  to  do,  is  to  find  what  values  of  S,  Si,  Si,  and 
^n  ^8»  »*/»  are  necessary,  so  that  when  a  plug  is  introduced  either 
at  A,  B,  or  C,  the  resistance  between  D  and  E  shall  always  be 
the  same,  whilst  the  necessary  portion  of  the  current  is  shunted 
oflf  from  the  galvanometer. 

Let  us  first  consider  the  shunt  S  and  the  compensating  resist- 
ance which,  in  this  case,  will  be  Ri. 

When  the  shunts  and  compensating  resistances  are  not  in 
use,  the  resistance  in  circuit  is  of  course  G,  and  this  value  must 
always  be  preserved  between  D  and  E. 

Let  the  value  of  the  shunt  S  required  be  -th,  then  we  know 

(page  50)  that  the  resistance  of  S  necessaiy  to  give  this,  is 

n  —  1 
and  from  [2]  that  the  value  of  Rj  must  be 

R.  =  g!^-^.  [5] 

n 

We  next  have  to  consider  what  value  to  give  to  Si  and  Rj. 
Let  it  be  required,  by  means  of  these  resistances,  to  reduce 

the  deflection  by  -th,  then  the  value  to  be  given  to  Si  will  b 

to  solve  which,  we  must  know  the  value  of  ri. 

Now,  the  combined  resistance  of  the  shunt  and  G  +  r  we  « 
see  from  fll  is 

G  +  r,  . 

" 9 

therefore  the  value  required  to  be  given  to  Rj,  in  ordc 
preserve  the  resistance  between  D  and  E,  equal  to  G, 
Si  is  connected,  will  be 

G  +  ri 


R.  =  G- 


Wi 
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but  from  [3],  [4],  and  [5] 

B.  +  r,  =  R,  =  G!?^li;  [7] 

^erefore,  snbtraoting  [7]  from  [6],  we  have 

111  \    »i  fi    /  nwj 

that  is, 

fh  niii 

or 

»  —  », 


n  =  G 


»(ni-l)' 

conseqnently  the  value  of  Si  will  be 

fi  "'  Hi 

^'  =  ^        ih-l  ®ii(n. -I)'' 

In  like  maimer  it  could  be  shown  that  the  resistance  necessary 
to  give  to  Sg  and  r,  -f-  »•»  to  reduce  the  deflection  to  its  -th  part 
would  be 

and 

fi  +  r,  =  G       ~    '    , 
»  (iH  -  1) 

or 

Finally  we  have  from  [3]  and  [6] 

»  —  1 

r,  =  El  -  (r,  +  r,)  =  G  — (r^  +  r,). 

fi 

To  summarise  then, 

S  =  G     ^ 


n-l 
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Oi  =  'J  — 7 TTa ' 

n  (ni  -  1)* 
R  -  o-  (^  -  ^K   . 


and  for  any  other  shnnt  S^ 


8,  =  q(±zJ)^. 
The  compensating  resistances  between  the  shunts  will  be 


n  (ni  -  1) 

*'«  =  ^  ^t;;^ — n""*'!' 


and  also  we  have 


or 


ri-|.r2+  .  .  .  +r,  =  G f, 

Wp  —  1 

The  Za«t  resistance  r,  beyond  the  last  shunt  will  be 

n.  1 

n  =  G— ^j —  (n+^8+  .  .  .  +  »•,). 

For  example. 

It  was  required  to  provide  a  galvanometer  with  -^th,  T^th, 
and  y^^i^th  shunts,  and  with  corresponding  compensating  re- 
sistances arranged  according  to  Fig.  28.  What  should  be  their 
value  ? 

We  have 

n  =  1000,  Wi  =  100,  tia  =  10 ; 
therefore, 

w  -  1  =  999, «!  -  1  =  99,  Wa  -  1  =  9. 
Then 

S  =  G  -^  =  G  X  -001001, 


F 


S,  =G 

^  =  ^1000 
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1000  X  99  X  99 
999  X  10 


-G  X  -010193, 
G  X  ■ 123333  ; 


1000  > 


1000  -10 

iouo"x~9"  ' 


=  a(-ll  -  -0090909)  =  G  X  -1009091; 


r,  =  G^-^  -  (n  +  r.)  =  G  C-999  -  -11)  =  G  x  -889. 

If  the  resiatance  of  the  galvanometer,  for  which  these  ahuntB 
and  compensating  refiiatanceB  are  to  be  provided,  is  5000  ohms. 


=  5000  x 

■001001     =         5-005  ohm 

=  5000  X 

-010193     =        50-965      „ 

=  5000  X 

•123333     =      61G-655      „ 

=  5000  X 

■0090909  =       45-i55      „ 

-  5000  X 

-1009091  =      50i-545      „ 

=  5000  X 

■889           =   4445-000      „ 

Fig.  29  shows  how  an  ordinary  Thomson 
galvanometer  shunt  box  would  bo  arranged 
with  compensating  resistances. 

The  ping  hole  -,  when  it  has  a  plug  inserted 

in  it,  connects  the  top  left-hand  brass  block  to 
the  bottom  left-hand  block,  and  ao  leaves  the 
galvanometer  connected  to  the  terminals  of 
tiie  ahunt  box  without  any  additional  resist- 
ance in  its  oircnit.  The  connection  between 
these  brass  blocks  is  shown  by  the  dotted  line  ii 

60,  The  accurate  adjustment  of  ordinary  shunts  i 
somewhat  troublesome  operation,  in  consequence  of  the  nume- 
rical values  of  the  resistancea  of  ■which  the  shunts  a 


not  being  whole  numbers ;  thus,  nuppoeing  the  resiBtaiuie  dt  ttio 


I 
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galvanometer  to  be  5000  ohmH,  then  the  resistance  of  the  tV*^ 
shunt  wonld  have  to  be  6000  -~  9,  or  555  ■  56;  and,  practically, 
this  could  not  be  adjnsted  to  a,  greater  degree  of  accuracy  than 
jne  decimal  place.  Similarly,  the  yiot^  shunt  should  have 
I  reaiBtance  of  5000  -;-  99,  or  50'505,  and  the  tttW*!^  shunt  a 
reeistance  of  5000  -^  999,  or  5-005,  both  of  which  numbers  are 
somewhat  awkward  to  adjust  exactly. 

Now  on  page  53  {equation  [1])  we  saw  that  the  combined 

resistance  of  the  galvanometer  and  its  shunt  was  -i  conse- 
quently to  adjust  the  i^th  shunt  we  may  connect  it  to  its  gal- 
vanometer GoU,  and  adjust  it  until  the  joint  resistance  of  the  two 
becomea  equal  to  5000  -i-  10,  or  500  ohms.  Similarly,  the  -r^tii 
shunt  would  be  adjusted  by  connecting  it  to  the  galvanometer 
coil,  and  adjasting  it  until  the  joint  resistance  was  found  to  be 
5000  -^  100,  or  50  ohms ;  lastly,  in  like  manner  we  should 
adjust  the  Tu^ni*^  shunt  until  the  combined  resistance  of  the 
two  became  5000  -^  1000,  or  B  ohms. 

61.  We  have  shown  in  a  previous  chapter  that  the  deflections 
on  the  scale  of  a  Thomson  galvanometer,  except  when  they  are 
nearly  equal,  are  not  directly  proportional  to  the  current 
strengths  which  produce  them,  and  that  to  compare  thom  a 
formula  must  be  used.  If  we  wish  to  avoid  the  use  of  this 
formula  we  must  adopt  some  method  of  avoiding  widely 
different  deflections.  This  we  can  do  by  using  a  variable  shunt 
for  the  galvanometer,  and  with  it  obtaining  either  equal,  or 
nearly  equal,  deflections  for  all  measurements  made  in  one  set 
of  tcata. 

The  graduated  scale  of  any  galvanometer,  it  should  be 
recollected  is  not  necessarily  for  the  purpose  of  enabling  the 
strengths  of  two  or  more  currents  to  be  compared  by  different 
deflections,  but  is  also  for  that  of  enabling  any  deflection  which 
may  be  obtained  to  be  reproduced  when  required. 

62.  It  is  best  to  obtain  as  high  a  deflection  as  possible,  for 
then  not  only  will  a  slight  variation  from  the  correct  resistance 
of  the  shunt  produce  a  greater  number  of  degrees  of  variation 
from  the  deflection  required,  than  would  be  the  case  if  a  low 
deflection  was  used,  but  also  a  higher  resistance  being  required 
for  the  shunt,  a  greater  rang©  of  adjustment  is  given  to  it, 

63.  By  the  help  of  the  points  we  have  just  considered  we  can 
graduate  or  calibrale  (S  37)  the  scale  of  a  galvanometer.  To  do 
this,  first  calculate  from  the  known  resistance  of  the  galvano- 
meter, the  resistance  of  shunts  required  to  reduce  the  amount  of 
current  passing  through  tha  galvanometer  when  no  shunt  is 

1,  to  ^,  ^,  ^,  ^,  &a,,  the  amount  passing  when  a  shunt  is 


^ 


inBerted,  then  the  resistance  of  the  ehoata  necessary  to  reduce 
tho  current  to 

1.  s,  i.  i ;«■ 

will,  OB  wo  baTe  shown,  be 

1.  3.  i-.  i.  ■  ■  ■  -.-^th 

of  the  resiatftnce  of  the  galvanometer.  Now,  ae  we  have  also 
iiboWQ,  the  insertion  of  shunts  reduces  the  resistance  of  the 
circuit  in  which  the  galvanometor  is  placed ;  we  must  therefore 
also  calculate  the  resistances  necessary  to  be  inserted  in  the 
circuit  in  order  to  compensate  for  the  reduction  of  reeiatanoe 
which  takes  place  when  a  sbunt  is  inserted.  These  resistances 
will  be  respectively 

hhhh "-i-'tt 

of  the  resistance  of  the  galvanometer. 

The  shunts  and  their  compensating  resistances  being  calcu- 
lated, to  calibrate  the  galvanometer  we  proceed  as  follows  ■.~~- 

The  galvanometer,  a  resistance  box,  and  a  battery  arc  joined 
up  iu  circuit.  The  ^  shunt,  that  is,  the  sbunt  equal  in  resist- 
ance to  the  galvanometer,  is  then,  inserted,  together  with  the 
corresponding  compensating  resistance  in  the  resistance  bos. 
Sufficient  resistance  is  now  added  in  the  latter  to  bring  the 
deflection  down  to,  say,  1°;  the  abunt  and  compensating  resist- 
ance are  then  removed,  and  as  the  resistance  in  circuit  is  the 
same  as  before,  and  also  the  wholo  of  the  current  passing  in 
the  circuit  now  passes  through  tlie  galvanometer,  the  strength 
of  current  affecting  it  is  exactly  double  that  which  deflected 
the  needle  originally;  the  deflection  of  the  needle,  therefore, 
now^  represents  a  strength  of  current  double  that  of  tho  previous 
experiment.  We  next  insert  tbe  ^  shunt  and  its  compensating 
resistance,  and  by  again  adjusting  the  resistance  coils,  obtain  a 
deflection  of  1°;  on  now  removing  the  shunt  and  compensating 
resistance  we  get  three  times  'the  strength  of  current  passing 
through  the  galvanometer :  the  deflection  obtained  therefore 
will  represent  that  strength,  and  so  by  inserting 

i.  i -.«i 

iiints  one  after  another,  and  repeating  the  process  deaoril^d, 
e  can  get  the  deflections  corresponding  to  strengths  of  current 
equal  to  1,  2,  3,  4,  .  .  .  .  n,  and  the  scale  can  be  marked  corre- 
spondingly ;  or  these  deflections  and  the  corresponding  currents 
producing  them  can  be  embodied  in  a  table,  bo  that  by  rstattin^ 
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to  it  we  can  at  once  see  the  relative  powers  of  various  currents 
giving  different  deviations  of  the  needle. 

64.  By  the  help  of  this  method  of  calibrating  a  galvanometer 
we  can  determine  its  angle  of  maximum  sensitiveness  (§  27).  All 
we  have  to  do  is  to  obtain  various  deflections  of  the  galvanometer 
needle  with  various  shunts  and  their  corresponding  compen- 
sating resistances,  and  in  each  case  to  increase  the  deflection  of 
the  needle  slightly  by  reducing  the  compensating  resistances 
by  the  same  amount ;  then  the  required  angle  will  be  the  one 
at  which  the  diminution  of  resistance  produced  the  greatest 
increase  of  deflection. 

65.  It  is  evident  that  if,  in  making  a  measurement,  we  want 
to  reduce  tl\e  deflection  of  our  galvanometer  to  a  readable 
quantity,  we  can  do  so,  either  by  placing  a  large  resistance  in 
its  circuit,  or  by  introducing  a  shunt  between  its  terminals.  It 
is  possible  also,  in  certain  cases,  to  produce  the  same  effect  by 
placing  a  shunt  between  the  poles  of  the  battery,  but  this  is 
not  always  advisable,  as  it  interferes  with  the  constancy  of  the 
latter. 

If  the  resistance  of  the  battery  and  galvanometer  in  a  simple 
circuit  be  very  high  it  require**  a  very  considerable  increase  of 
resistance  in  the  circuit  to  produce  an  alteration  in  the  deflec- 
tion of  the  galvanometer  needle,  whereas  just  the  reverse  is  the 
case  if  a  shunt  be  used  to  produce  that  effect.  This  fact  is  an 
important  one,  as  it  has  a  considerable  bearing  upon  the  accuracy 
with  which  measurements  can  be  made. 
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CHAPTER   V. 


MEASUEEMENT  OF  GALVANOMETER  BESISTANOE. 


Half  Deflection  Method. 
66,  The  simpleBt  method  of  determining  the  resistance  of  a 
galvanometer  is  perhaps  the  one  we  have  already  given  on 
pi^e  5  (§  8).  In  this  method  it  will  be  Been  we  joined  up  the 
galvanometer,  whoae  resistance  (G)  was  required,  in  ciionit 
with  a  reaistance  p,  and  a  battery  of  veiy  low  resistance,  and 
having  obtained  a  certain  deflection  we  increased  p  to  R,  so 
that  the  current  passing  in  the  circuit  became  halved  in 
strength,  the  resistance  (G)  of  the  galvanometer  was  then  given 
by  the  formula 

G  =  R  -  2  p. 

If  we  wero  meaanring  the  resistance  of  a  tangent  galvanometer, 
the  defleotions  obtained  should  be  such  that  the  tangent  of  one 
deflection  is  half  the  tangent  of  the  other,  the  precaution 
against  having  the  deflections  too  high  or  too  low  being  duly 
y&eQ(S27). 

m    For  example, 

"With  a  tangent  galvanometer  whose  roaistance  (G)  was  to  be 
determined,  and  a  battery  whose  reeistanco  was  very  small,  we 
obtained  with  a  resistance  in  the  resistance  box  (as  the  set  of 
resistanee  ooils  is  sometimes  termed)  of  10  ohms  (p)  a  deflection 
of  58°,  and  by  increasing  the  resistance  to  120  ohms  (H)  the 
deflection  was  reduced  to  38^"  (tan  38J-°  =  J  tan  58°) ;  what 
was  the  resistance  of  the  galvanometer? 


G  =  l 


C  10  =  100  o 


67.  In  measuring  the  reflistanee  of  an  ordinary  galvanometer 
by  this  method  it  would  be  necessary  to  know  what  ratio  the 
deflections  bore  to  the  current  strengths  producing  them,  so  that 
the  resistances  may  be  adjusted  accordingly. 

A  convenient  arrangement  is  to  employ  a  tangent  gal- 
Taaometer  of   a  known  low  resistance   in  circuit  with  the 
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galTanometer  whose  resistance  is  leqiiired,  and  to  take  the 
readings  from  the  tangent  galvanometer,  the  reaiatflnce  then 
obtained  fi-ora  the  formula  will  evidently  be  the  resistance  of 
^^  the  two  galvanomelere  togather.  If,  then,  we  subtract  from 
^^L  this  result  the  known  resistance  of  the  tangent  galvanometer, ^H 
^^B  we  get  the  resistance  we  are  trying  to  obtain.  If  we  have  not^H 
^^P  a  tangent  gHlvanometer  at  hand,  and  if  moreover  we  cannof^H 
^^        tell  what  ratio  the   defleotiona   bear  to  the   current   Btrone+.hH   ^ 


tell  what  ratio  the  defleotions  bear  to  the  current  strengths 
producing  them,  we  must  of  oourse  employ  a  diflerent  method 
of  testing. 

G8.  Id  this,  and  indeed  in  all  tests,  it  is  important  to  consider 
what  resifitances  and  battery  power  should  be  employed  to 
make  the  measurements,  so  that  the  greatest  possibli 
may  be  ensured. 

If  we  employ  very  high  resistances  to  measure  a  low  resiat*' 
ance,  a  conBiderable  alteration  in  the  former  would  prodnae"^ 
but  little  alteration  in  the  current  flowing  through  the  gal- 
vanometer, for  the  electromotive  force  being  constant,  '*' 
current,  and  consequently  the  galvanometer  defltction, 
dependent  upon  the  total  resistance  in  the  circuit,  and  an 
alteration  of  several  units  in  a.  large  total  practically  leaves  its 
value  the  same,  but  then  a  few  unite  too  much  or  too  little 
inserted  in  a  formula  may  make  the  result  appear  very  much 
greater  or  lesa  than  its  true  value.  Thus,  in  the  test  we  have 
been  considering,  suppose  the  battery  power  had  been  such  that 
we  found  it  necessary  to  have  the  resistance  p  =  2000  ohms,  and 
that  to  halve  the  deflection  we  found  it  necessary  to  increass,- 
p  to  4100  ohms  (R),  this  would  make  the  resistance  of  the  gal< 
vanoraeter  to  be,  as  we  saw  before, 

G  =  4100  -  2  X  2000  =  100  ohm 

Now,  practically,  if  the   resistance  R  had  been  made  42( 
ohms  the  deflection  would  have  been  halved;  whatever  differfj 
ence  4here  was  would  scarcely  be  appreciable. 

If  now  we  work  the  result  out  from  the  formula  wo  get 

G  =  4200  -  2  X  2000  =  200  ohms, 

or  double  what  it  ought  to  be.  It  is  possible  indeed  that  the 
error  might  be  greater  than  this.  The  test,  in  fact,  would  be 
quite  u  Bel  ess. 

In  order  to  have  the  best  chance  of  accuracy  we  should  make 
our  resistances  as  low  aa  possible,  for  then  a  small  change  or 
error  in  the  latter  produces  the  greatest  increase  or  decrease  in 
"rff  oorrent,  and  consequently  in  the  deflection  of  the  galvano- 


al«^ 


^^  our  resists 
^^^  error  in  th 
^^Liliff  oorren 
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meter  needle,  and,  on  the  other  hand,  it  produces  the  a 
error  in  tho  value  of  G,  when  the  latter  is  worked  out  from 
the  formula. 

In  order  to  make  B  as  low  as  possible  it  is  evident  that  we 
must  make  p  as  low  as  possible. 

69.  What  degree  of  accuracy  is  attainable  in  making  the  t«st? 
This  is  dependent  upon  the  "  total  possible  percentage  of  error 
which  mayesist  in  the  second  deflection  "  (§35).  We  have  then 
to  consider  what  error  in  the  value  of  G  the  total  error  in  the 
second  deflection  will  cause. 

The  error  in  G  must  be  occasioned  by  the  value  of  R  being 
obtained  incorrectly,  this  wrong  value  of  R  beiog  due  to  an 
error  made  in  reading  the  magnitude  of  the  second  deflection. 
If  in  the  formula 

G  =  E-2p 

we  make  a  mistake  of,  say,  \\  per  cent,  in  B,  then  the  resulting 

percentage  error,  X',  in  G  will  be  X'  =  A',-^  - 

Now  the  accuracy  with  which  we  can  adjust  R  is  directly 
dependent  upon  the  accuracy  with  which  we  can  adjust 
(G  +  H)  for  the  latter  is  the  total  resistance  in  the  circuit  of 
the  galvanometer  and  therefore  any  chani^e  or  error  made 
in  the  value  of  the  galvanometer  deflection  (the  second 
deflection)  mnst  be  in  direct  proportion  to  the  change  or 
error  made  in  (G  +  R);  consequently  if  we  are  liable  to 
make  an  error  of  y  per  cent,  in  the  value  of  tho  second 
deflection,  and  an  error  of  X',  p«r  cent,  in  E,  then  we  must 


y  :X',  ::  R:G+R 


X.'  =  A'l  -  ,      or,      X',  =\'  ^, 

b                                K 

and 

G  =  R-2p,     or,     E=G  +  2p 

therefore 

J^.G_2(G^-p)y. 

v.^(i+4)y. 


I 
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For  example. 

In  meaBuring  the  reaiBtanoe  of  the  galvanometer  in  the 
example  given  in  (§  66),  it  was  known  that  the  "  total  possible 
percentage  of  error  (y)  which  could  exist  in  the  Becond  de- 
flection" could  not  exceed  1'7  per  cont.  (Esample  2,  §35), 
'What  would  be  the  percentage  of  accuracy  {X')  with  which  the 
value  of  G  could  be  determined? 

10 


(^-'"iTo)^'^  =  ^'^P^^''^''*- 


A  single  cell  of  a  battery  is  the  lowest  electromotive  force. 
that  can  bo  practically  employed  in  making  the  test,  but  we 
may  find  that  this  one  ceil  gives  too  low  a  deflection  with 
the  lowest  value  we  can  give  to  p,  that  is  0,  and  two  cells  too 
high  a  deflection ;  we  should  have,  therefore  to  employ  two 
cells  and  then  increase  p  until  the  proper  deflection  is  obtained. 
How  on  pages  62  and  63  it  was  pointed  out  that  it  is  best  to 
make  p  of  a  low  value  so  that  the  deviation  of  the  needle  from 
its  correct  position,  when  E  is  not  correctly  adjusted,  may  be 
as  great  as  possible;  but  ecLuation  [A],  which  represente  the 
relative  values  of  the  errors  X'  and  y',  although  it  shows  that 
the  error  X'  is  smallest  when  p  is  as  small  as  possible,  at  the 
same  time  shows  that  we  gain  but  little  by  making  p  very  much 
smaller  than  G,  for  X'  is  only  twice  as  great  when  p  =  0,  as  it 
is  when  p  =  G, 

70.  Practically  we  may  say  therefore  that  the  ^1 

Best  CondtiioTia  for  mdkiTig  the  Text  ^f 

are  to  make   p  a  fractional  value  of  G ;  and  in  the  case  of  a 
tangent  galvanometer  the  two  deflections  obtained  should  be  as 
nearly  as  possible  65°  and  35j^°. 
Also  as  regards  the 

Puasible  Degree  of  Accuracy  attainable. 

If  we  can  determine  tho  value  of  the  deflection  of  the  galva- 
nometer needle  to  an  accoracy  of  y'  per  cent.,  then  we  can 

determine  the  value  of  G  to  an  acouraoy  of  3  (l  +  ^  )  y'  per 
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80  that  even  nader  the  beet  ocmditioB*  fix  —tiiiB  the  teat 
the  accnracy  with  which  the  valne  of  G  eoald  be  deterai>ed 
would  be  only  one-half  of  the  aocnra^  witk  wkiek  th«  defac- 

tionB  could  be  obeerved. 

7L  It  must  be  underetood  that  the  RSHtaaen  of  dte  teatn^ 
batteiy  can  011I7  be  neglected  when  it  tarma  s  Hnall  pensoitage 
of  the  total  reeietance  in  its  circuit.  I^  them,  tlw  gahanooiieler 
to  be  measured  has  a  low  resistaiioe,  inaBmBcli  as  B  will  hare 
to  be  proportionately  small,  the  battery  resxtaace  can  no  longer 
be  ignored  without  inttoduclng  an  error ;  moreover,  if  B  is 
made  email,  its  range  of  adjnetinent  beoomea  Tery  limited. 
The  test,  therefore,  ia  not  suitable  for  measuring  galTaaometere 
whose  resistance  consists  of  a  few  nnits  only. 


1 


EqOAL  Defi-ktios  Metbod. 


72,  The  theory  of  this  method  is 
meter  whose  resistance  G  is  re- 
aoired,  a  resistance  p,  and  a  battery 
E  of  Tery  low  resistance,  are  joinej 
up  in  circuit,  as  shown  by  Fig.  30, 
a  shttnt  S  being  between  the  tet- 
minale  of  the  galvanometer ;  a  de- 
flection of  the  galvanometer  needle 
is  produced.  Let  C  be  the  cur- 
rent flowing  out  of  the  batteiy, 
then 


P  +  r 


as  follows : — The  galvi 


This  current  divides  into  two  parts,  one  part  going  through  S, 
tod  the  other  part  through  the  galvanometer.  It  does  this  in 
the  inverse  proportion  of  the  resistance  of  those  circuits,'  the 
part,  Ci,  going  through  the  galvanometer  being 

„  E  8  ES 


'"       ,_G&    ^G  +  S      StG+p)  +  Gp' 
''"*"G  +  S 

The  shunt  8  is  now  removed ;  this  causes  the  deflection  of  the 
galvanometer  needle  to  be  increased,  p  is  now  increased  to  K, 
so  that  the  deflection  becomes  the  same  as  it  was  pj-evious  to 
^  removal  of  the  shunt,  or  in  other  words,  so  that  the  strength 


bo  HANDBOOK   OP  ELECTRICAL  TESTING. 

of  the  ourrent  passing  through  the  galvanometer  is  Ci,  then 

therefore 

ES  ^      E 

S{G+  p)-|-Gp"  E+G' 

By  dividing  hoth  aides  hy  E  and  mnltiplying  up,  we  get 

SR+GS  =  GS  +  Sp  +  Gp; 
therefore 

Gp  =  SK-Sp, 
from  which 

G  =  s5^:J'. 
p 

For  example. 

A  galvanometer  whose  resistance  (G)  was  required,  waa 
joined  up  in  circuit  with  a  resistance  of  200  ohms  (p),  a  shunt 
of  10  ohmB  (3)  being  between  the  torminala  of  the  galvano- 
meter. 

On  removing  the  shunt,  it  was  necessary  in  order  to  reduce 
the  increased  deflection  to  what  it  was  originally,  to  increase  p 
to  2200  ohma  (Rj.     What  was  the  resistance  of  the  galvano- 


:  100  ohms. 


73.  In  mating  this  test  practically,  we  should  proceed  thus : — 
Join  up  the  instruments,  as  shown  by  Fig,  31,  taking  care  that 
the  two  infinity  plugs  are  hrmly  in  their  places.  Plug  up  the 
three  holes  between  B  and  0,  and  remove  the  necessary  plugs 
between  D  and  B.  Next  remove  plugs  from  between  D  and  E, 
so  as  to  introduce  the  resistance  p.  On  tho  right-band  key 
being  depressed  the  deflection  of  the  galvanometer  needle  is 
obtained.  The  galvanometer  should  be  gently  tapped  with 
the  finger  in  order  to  see  that  the  needle  is  properly  deflected 
and  is  not  sticking,  as  it  is  very  liable  to  do,  especially  when  a 
compass  suspended  needle  is  used. 

The  oscillations  of  the  needle  may  be  arreated  by  a  skilful 
manipulation  of  the  key ;  slightly  raising  it  when  the  needle 
swings  under  the  influence  of  the  current  and  again  depressing 
it  when  it  recoils. 

Tlie  needle  being  steadily  defleotod,  oad  the  preoiae  resist- 
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1 


anee  (p)  in  the  box  noted,  the  left-hand  infinity  plug  most  be 
remoT^,  and  the  resistance  between  D  and  E  increased  until 
the  deflection  becomes  the  same  as  it  was  at  first,  and  the 
istance  (B)  being  noted,  the  formula  is  worked  out. 


i 


71.  What  ore  the  beat  values  of  S  and  p  to  employ  in  malcing 
a  test  like  thif?  Should  we  malce  S  and  p  of  low,  high,  or 
medium  values? 

The  answer  to  these  queries  has  an  important  bearing  upon 
the  accuracy  with  which  the  test  can  bo  made ;  and  as  we  shall 
mora  than  once  have  to  coosideT  questions  of  a  similar  kind, 
we  shall  in  the  present  instance  enter  at  some  length  into  the 


There  are  two  quantities  whose  values  we  have  to  determine, 
viz.  a  and  p ;  let  us  first  consider  what  8  should  be,  supposing 
B  to  be  a  given  quantity  and  p  to  vary  along  with  8. 

If  we  examine  the  formula  we  shall  see  that  if  we  make  8 
small,  then  an  error  of  one  or  two  units  in  the  correct  value  of  B 
will  make  a  much  greater  difference  in  the  formula  than  would 
be  the  case  when  there  is  the  same  number  of  units  of  difierence 
with  S  large ;  thus  to  take  a  numerical  example,  suppose  we 
had  the  following  values  in  the  formula : — 


G=5 


500  -  20 


120  ohms, 


suppose  we  made  B  120  units  too  large,  we  should  then 


or  an  error  of  150  -  12( 
had  the  following  values 
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30  ohmB,     Next  let  ns  enppose  t 


L  error  of  120  tmita  in  E, " 


400 

an  error  of  2C4  -  120  =  144  ohma,  and  if  S  and  p  had  been 
higher  still  we  ehoulc!  have  seen  that  the  error  would  have 
been  still  greater. 

To  put  the  case  in  another  way ;  in  the  last  example  let  nB 
suppose  the  error  in  £  had  been,  not  120  units,  hut  25  units , 
that  IB,  make  K  =  500  +  25  =  525 ;  we  then  6nd  that 


G  =  480 
L  fact, 


B2S  -  400 

400 


160  ohms. 


The  error  in  G,  in  fact,  in  the  former  caao,  where  E 
120  units  too  large,  was  no  greater  than  it  was  in  the  latter' 
case,  when  the  excess  in  the  correct  value  of  K  was  hut  25  units. 
From  this  it  must  be  evident  that  it  is  highly  advantageous  to 
make  8  as  gmtdl  ae  possible.  Let  us,  however,  put  the  matter 
in  an  algebraical  form  i  thus,  let  X  be  the  error  in  G,  and  let  ip- 
be  the  excess  in  the  value  of  B  which  causes  this  error, 
we  have 


1 

,ttSF-H 


G+A  =  E 


therefore  by  subtractioOj 


;=8^ 


SK 


■^(G  +  S) 
E 


IVom  this  we  see  that  with  a  constant  error  ^  made  in  B,  the 
corresponding  constant  error  X,  made  in  G,  will  be  as  small  as 
possible  when  S  is  very  small,  aa  indeed  we  before  proved  j  but 
we  also  eee  that  we  gain  but  little  by  making  S  a  very  small 
^£aotioBal  value  of  G,  for  the  error  would  be  only  twice  ae  great 
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with  S  =  G  as  it  would  be  if  S  w^re  very  nearly  =  0.  It  woold 
not  do,  however,  to  make  S  greater  than  G,  for  G  -f*  ^  inciDtaOB 
very  rapidly  by  increasing  S.  Practically,  therefore,  w0  may 
aay  :  make  S  a  firactional  value  of  G. 

We  have  next  to  determine  wbat  ie  the  best  value  to  give  to 
p,  anppoaiiig  S  to  be  a  fixed  qnantity. 

Now  if  we  pnt  the  equataon 


I 


-(!-)■ 


can  see  that  whatever  value  p  has,  B  will  have  an  exactly 
proportional  corresponding  value ;  thns  to  take  the  example  we 
first  had,  viz. ; 

,  500  -  20  /500        \ 

if  in  making  the  test  we  had  made  p  =  2  x  20  =  40,  instead  of 
20,  then  the  value  to  which  R  waold  have  required  to  have  been 
adjusted  would  have  been  2  x  500  =  1000,  instead  of  500. 
Further,  if  R  had  had  this  value,  then  an  error  of  20  units  in  B 
would  have  produced  the  same  error  in  6  as  would  the  10  units 
in  the  first  case,  when  B  was  500,  At  first  sight  then  it  might 
appear  that  it  would  not  mutter  what  value  we  gave  to  p.  Let 
us,  however,  consider  in  what  way  the  adjustment  of  B  is 
effected. 

The  means  by  which  we  adjust  E  is  by  observing  the  deflec- 
tion of  the  galvanometer  needle,  and  seeing  whether  we  have 
brought  it  to  the  deflection  it  had  when  p  and  S  were  the  resists 
ances  in  the  circuit;  when  this  deflection  is  correct  we  know 
that  B  is  correct.  But  the  accuracy  with  which  we  can  adjust 
B  evidentiy  depends  upon  the  divergence  of  the  needle  from  its 
correct  position  being  as  large  as  possible  when  B  is  not  exactly 
adjusted,  and  if  this  divetgenoe  is  greater  when  we  alter  B  from 
1000  to  1020  ohms  than  when  we  alter  it  from  500  to  510  ohms, 
then  it  is  better  so  to  arrange  the  value  of  p  that  E  shall  be 
1000  ohms. 

Or  in  other  words,  if  the  error  in  E,  corresponding  to  a  con- 
stant error  in  G,  produces  a  greater  divergence  of  the  needle 
from  its  correct  position  when  R  is  large  than  when  it  is  small, 
then  it  u  better  to  have  B  large  than  smalL 


I 
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Now  the  current  C  producing  the  deflection  of  the  galvano- 
meter needle  is 

and  if  we  suppose  there  to  be  a  diminution  —  c,  in  C,  caused  by 
an  error  ^,  in  E,  then  we  have 

E 

or 

E 


c  =  C- 


B  +  0  +  G' 
but  we  know  that 

C ^. 

therefore 

E  E  E  w 

c  =  - 


R  +  G     R  +  0  +  G     (R  +  0  +  G)(B  +  G)' 

or,  since  ^  is  very  small, 

«  E^ 

c  = 


c,  however,  represents  the  absolute  change  from  the  correct 
current  and  as  the  latter  is  itself  varied  by  the  value  of  R, 
what  we  require  to  know  is  the  relative  change ;  this  will  be 

e 

0' 
wMch  equals 

(R-f  G)»  •  E+G^E  +  G'  ■•   ■• 

But  from  page  68  we  see  that  the]  constant  error  X,  caused  in  Ot 
by  an  error  0  in  E,  is 

,^(G  +  S) 

^ E~' 

or 

X  B    . 
*'~G-f  S' 
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mbstitatiiig,  then,  tias  raloe  of  ^  ira  get 

[Bj 


0-(G  +  S)(B  +  G)- 


(G+S)(l  +  5) 


ftom  this  eqiutkn  w«  see  tli*t  itt  aiO«r  to  make  e  m  Urge  u 
[iiiililii.  ««  Binst  make  R  «a  Uige  m  poniUe ;  bat  it  is  evident 
that  we  inoreaaa  c  very  littla  %  isaking  B  ntodt  Ijwgw  tliui 
G,  fiir  the  reason  ve  gave  wlien  we  detennisfid  tho  nUio  whkli 
8  afaonld  have  to  O. 

We  do  not  gain,  tlten,  anjtiung  ss  legaids  tlw  MnsitiTeiua 
(rf  tiie  arrangement  by  naking  B  T«rf  largo,  b«t  w«  gain  as 
ti^aida  onr  power  of  adjaating  B,  for  we  can  adjaot  a  leoataiwe 
with,  a  much  doeer  degree  of  aeciuacy  when  it  ramistsof  alarge 
minber,  than  when  it  couaista  of  a  small  number,  of  units. 

It  ia  therefore  adrantageons  to  make  B  as  large  as  poffiiUe. 

Since  when  S,  G,  and  p  are  given  valaea,  R  moat  hare  a  ralae 
dependent  npon  them  ;  and  since  we  hate  det«nnined  the  vahi^ 
we  most  give  to  S,  it  followB  that  the  v^oe  we  should  give  to  p 
most  be  such  that  B  will  be  as  large  as  poeuble. 

As  we  cannot  make  B  larger  than  the  reaiatanee  we  can 
insert  in  the  rcsiBtaitce  box,  we  inBst  not  make  p  so  large  that 
B  will  have  to  exceed  that  valne. 

From  the  eqnadon 


Theoretically,  therefore,  we  most  not  make  p  larger  than  th« 

value  we  can  give  to  -= ^  g 

The  highest  resistance  we  can  practically  give  to  R  is 
10,000  ohms;  p,  therefore,  mnst  not  be  larger  than  — — ~  x 

10,000  ohms.  Thus,  If  we  use  a  shunt  whoso  resistance  is  Jth 
the  resistance  of  the  galvanometer,  we  mnst  not  make  p  larger 
than  ~^ih  of  10,000,  that  is  1000.  ohms. 

Equation  [A]  shows  that  the  value  of  e  ia  depOQiloat  up<>n 
the  value  of  S.  and  that  to  make  c  large  we  should  make  S  smiill. 
We  previously  proved,  however,  that  there  was  another  reason 


I 


r72 
■why 
75 
This 
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wliy  S  should  be  sioall,  coQBequently  we  have  a  double  reaeon 
why  S  should  have  a  low  value, 

75.  What  degree  of  aeeuracj/  is  attainable  in  making  the  test  ? 
This,  as  in  the  last  test,  is  dependent  upon  the  value  of  the  de- 
flection error.  We  have,  iu  fact,  ta  consider  what  error  in  the 
value  of  G  a  definite  error  in  reading  the  deflection  of  the  gal- 
will  cause. 

This  we  can  determine  from  equation  [B|.     Let  us,  then, 

.  this  equation  substitute  percentages  for  absoluto  values,  that 

to  say,  let  us  have 


i 


[C] 


In  measuring  the  resistance  of  the  galvanometer  in  the 
example  given  on  page  66  {§  72),  it  was  known  that  the  pos- 
sible error  y'  ia  the  current,  due  to  the  deflection  being  incor- 
rect, would  not  exceed  '88  per  cent,  f Example  §  34).  What 
would  be  the  percentage  of  accuracy  (A. )  with  which  the  value 
of  G  could  be  determined? 


Bert  Condilionajbr  making  the  Tegt: 

First  make  a  rough  test  to  ascertain  approximately  the  value 
of  G.     Having  done  this,  insert  a  shunt  {S)  between  the  termi- 
Kjiala  of  G,  of  a  fractional  value  of  the  resistance  of  G. 
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Next  join  up  p  in  circuit  with  <J  and  its  shunt  S,  makiiig  p  aa 
large  as  possible,  but  not  larger  than  p-XcR ;  R  being  the 

higbest  resistance  that  can  be  obtained. 

InBort  in  the  circuit  sufficient  battery  power  of  low  reaistanoe 
to  obtain  the  deflection  of  the  galvanometer  needle  as  nearly 
as  possible  at  the  angle  of  maximum  seatitiveaess  (§  27),  adjust- 
ing p,  if  necessary,  so  that  this  angular  deflection  beconioa  exact, 
and  note  the  esact  value  of  p. 

Now  remove  the  shunt  and  increase  p  to  R,  so  that  the 
increased  deflection  becomes  the  same  as  it  was  at  first.  Note 
R,  and  then  calculate  G  from  the  formula. 

Poeeible  Degree  of  Aeevracy  attainable. 
If  we  can  determine  the  value  of  the  galvanometer  deflection 
to  an  accuracy  of  y'  per  cent.,  then  we  can  determine  the  value 
of  G  to  an  accuracy  (\')  of 

I  ^'  "  (^  +  q)  (^  "'■  k)  ^'  P^''  ''™*' 

If  8  is  very  small,  and  R  very  large,  then 


so  that  under  the  best  conditions  for  making  the  test,  the  accu- 
racy with  which  the  value  of  G  could  be  determined  would  be 
the  same  as  the  aocui'acy  with  which  the  value  cf  the  deflection 
could  be  observed. 

77.  In  the  practical  execution  of  the  test,  inasmuch  as  there 
are  only  three  resistances  between  D  and  B  (Fig.  31)  our  choice 
of  a  shunt  is  limited  from  this  source,  but  these  three  will 
usually  be  sufBcient  for  most  purposes. 

78.  The  method  we  have  desciibed  of  making  the  test  may 
be  modified  by  making  8  or  p  tha  adjustable  resistances  instead 
of  E,  but  in  either  of  these  oases  it  can  be  shown,  by  an  inves- 
tigation precisely  similar  to  the  one  we  have  made,  that  the 
proper  values  of  the  resistances  should  be  those  we  have 
indicated. 

Fahie's  MEreon. 
e  make  S  the  adjustable  resistance,  and 


r 
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that  is,  the  resistance  of  the  shunt  will  be  tho  reBiatanco  of  the] 
galvanometer. 

80.  The  connections  for  making  the  test  with  the 
ancee  shown  by  Fig.  SI  would  have  to  be  bo  arranged  that  the 
resistances  between  D  and  E  form  the  ahunt,  and  those  between 
D  and  C  the  resistances  p  and  E,  This  arrangement,  however, 
in  consequence  of  there  being  so  few  plugs  between  D  and  C,  is 
not  a  aatiafactory  one,  as  some  difficulty  would  probably  be 
found  in  adjusting  the  battery  power  and  resistance  B  so  as  to. 
obtain  tho  deflection  of  maxiuiiim  sensitiveness.  With  two  set8'< 
of  resistance  coils,  however,  the  test  can  easily  be 

As  in  the  previous  method,  it  is  best  to  mate  the  resistance 
E  as  high  as  possible,  for  then  any  small  change  in  the  value  of 
8  produces  the  greatest  movement  of  the  galvanometer  needle. 
The  Risible  degree  of  acearacy  attainable  is  the  same  as  in  the  last 
test. 

In  order  that  satisfactory  results  may  be  obtained  in  the  foi 
going  tests,  it  is  necessary  that  the  galvanometer  be  a  setmtv 
one  (§  53),  otherwise  oven  a  moderate  degree  of  accuracy  cannot] 
be  assured. 

Thomson's  Method. 

81.  Join  up  the  galvanometer  g  with  reeistancea  a,  b,  and  d, 
and  a  battery  of  electromotive  force  E  and  resistance  r,  as  shown 
by  Fig.  32,  and  let  a  key  be  inserted  between  the  points  £ 


heS 

«t.l 
he  ■ 

I 

ire^l 
QO^H 


r 
and  B,  so  that  by  its  depression  these  pointa  oan  be  > 
together. 
B     Jfirat,  Jet  tu  auppoBe  tiie  key  to  be  up  aod  1^  iKuats  a 
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aeqnently  disconnected.     Tlie  current  C,  flowing  through  the 
galvauometer  will  then  he 


i 


'^o+i  +  d  +  s 


<■  +  !' 


-r(a  +  b  +  d  +  g)+(^  +  b)(d  +  g) 


m 


Kext,  suppose  the  key  to  be  depreaeod  and  the  pointa  E  and  B 
thereby  to  be  connected  together,  then  the  current  (Cj)  flowing 
tlirougu  the  galvanometer  will  bo 

C   _  E «      _ 


we  then  get 


(a  +  s)(l  +  d)  +  a,(!,  +  J)  +  4d(a  +  j)        W 
it  HB  Bupposo  tlie  adjustment  of  the  resiBtaitces  to  be 

I!  (°+  t) 

r(«+t+d  +  j)  +  (a  +  i)(d  +  5 


[3] 


'(«  +  S)('  +  <l)  +  '' »('  +  '!)  +  !"' ("  +  » 
hy  multiplying  up  and  arranging  the  quantities  we  get 
r[(a  +  b  +  g){b  +  d)a  +  bg(h  +  d)]+bg{a  +  h)d  +  [d(b  +  g) 
^bg^(a  +  b)a  =  rHa-\-b  +  g)(h  +  d)a+ad{b  +  d)-]  +  ad 
(a  +  t)d+[d(6+ff)  +  6?]{a  +  &)a; 
therefore 

bg[T{h  +  d)  +  {a  +  b)d]  ^.ad[r(h-\-d)  +  ia^b)d]; 
that  ie. 

o  d  =  b  3,     or,     g  =~ 

A  great  advantage  of  this  teet  is  the  fact  of  its  being  entirely 
independent  of  the  battery  resistance.  It  is  also  very  easily 
uaia,  as  most  be  evident. 


76 
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In  making  the  test  practically,  the    connections   would  te 

nade  as  shown  by  Fig,  33.     The  terminals  E  and  B,  would  be 

joined  by  a  short  piece  of  thick  wire.     The  other  oonnections 

e  obvious. 


The  left-hand  key  (which  is  not  shown  in  the  theoretical 
figure)  being  first  depressed  and  then  kept  permanently  down, 
the  right-hand  key  must  be  alternately  dejireBsed  and  raised, 
the  resistance  d,  that  is  the  resistance  between  A  and  E,  being 
at  the  same  time  adjusted  until  the  deflection  of  the  galvano- 
meter  needle    remains   the  same   whether   the  key  is  up   or 


dow 


I.  We  will  now  determine  the  best  arrangement  of  resist- 
,nces  for  making  the  test. 
What  we  have  to  do  is  to  Biippose  that  in  the  equati 


there  is  a  small  but  constant  error  in  g,  caused  by  a  correspond-^ 
ing  error  in  one  of  the  other  quantities,  let  ue  say  d,  and  then 
find  what  values  of  d  and,  say,  a,  will  cause  the  alteration  of  the 
deflection  of  the  galvanometer  needle  produced  on  raising  and 
depressing  the  key,  to  be  as  large  as  possihle. 

Let  X  be  the  difference  het'ween  the  exact  value  of  g  and  the 
value  given  it  by  the  formula,  when  we  have  d  teo  large,  and 
let  the  increased  value  oi  d'be  d,. 

We  then  have 


I 


tf+^ 


ad, 
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therefore 

ad,  =  6ff-f-6A. 

We  next  have  to  determine  what  the  alteration  in  the  strength 
of  the  cnrrent  passing  through  the  galvanometer,  produced  by 
raising  and  depressing  the  key,  is  «qual  to. 

If  in  either  equation  [1]  or  equation  [2]  wo  put  6  g  equal  to 


a  (J,  or  6  e 


J  then  the  resulting  equation  will  give  the 


current,  0,  which  would  flow  through  the  galvanometer  when  the 
adjufltment  is  exact;  by  doing  this  we  get 

0  „  E^ 

'(3 +  ")  +  <'{' +  9)' 
When  the  adjustment  is  not  exact,  the  currents  produced  on 
raising  and  depressing  the  key  wtU  be  obtained  by  equations 
[ll  and  [2],  and  the  difference  between  these  two  currents 
relative  to  the  current  produced  when  exact  equilibrium  is 
obtained  will  give  the  relative  current  producing  the  altera- 
tion in  the  deflection  of  the  galvanometer  needle  ;  hence  we  find 


'(»  +  -)  +  <■(''  +  ?)( »W  +  t) 


rid,  +  g+b  +  a)  +  {d,  +  ,)(i  +  ,i)S- 
(»J,-!.l,)(r(<i.  +  t)  +  d,(i  +  .)H,(a-)-g)  +  ,(i+i,)| 


■l'(<^+S+i>+»)+(''.+9)(l>+<')HrW+lXj+o)+i,%i-.)+SaW+i.)) 
but  since  a  di  la  very  nearly  eqnal    to    6  g,  we    may  without 
sensible  error  put  a  di  =  a  d  =  6  ff,  or  6  = —  except  where  dif- 
ferences are  conoemed ;  in  which  case  we  get 
C, -0,  _     fjad,  -Jj)_ 
C         -aC«  +  j)(-i  +  rf' 

and  since  a  d,  =  6  3  +  t  A,  and  -  =  jr.  we  get 

[Al 


■(«  +  j)(d  +  3)     (a-|-j)(l+|) 
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From  this  it  ia  evident  that,  ia  order  to  make  -^-^ — '  aa  large 
aa  possible,  we  mnst  make  d  a.s  large,  and  a  as  small,  as  possible. 
It  is  evident  also  that,  as  regards  increaaing  ^-j^ — -',  it  is 
useless  making  d  very  much  larger,  or  a  very  mnch  smaller, 
than  [7.  If  we  make  d  about  ten  times  as  large,  and  a  ten  times 
as  small,  as  g,  we  shall  have  good  conditions  for  ensuring  accu- 
racy, though  as  regards  our  power  of  adjustment,  it  would  be 
advantageous  to  make  d  larger  still  if  possible. 
From  the  equation 

b  g  =  ad 

we  see  that  g  being  a  fixed  quantity,  and  a  as  small  as  possible, 
we  can  make  d  as  large  as  we  like  by  making  b  as  large  as 
possible. 

83.  It  may  be  pointed  out,  that  when  a  ia  smaU  and  d  and  6 
large,  we  have  the  battery  connecting  the  junction  of  the  two 
greater  with  the  junction  of  the  two  lesser  resistances. 

84.  What  degree  of  accuracy  is  attainable  in  making  the  test? 
This  we  can  determine  from  equation  [A].  Lot  ns  then,  in  the 
latter,  substitute  percealagei  for  absolute  values,  that  is,  lot 

-       "        ■'■    ofO,     -    «•-"■ 


"100  '        '         C  100 


and  let 
then  we  get 


I00(o+})(1  +  |) 

=  ('  +  -,)('  + 1)  V- 


I 


For  example. 

In  meaBuring  the  reaiatanoe  of  a  galvanometer  by  the  fore- 
going method,  the  values  of  a,  b,  and  d  were  10,  100,  and  300 
ohms  respectively.  What  was  the  resistance  of  the  galvano- 
meter, and  what  was  the  possible  degree  of  accuracy  attainable? 
The  smallest  change  in  the  value  of  the  galvanometer  deflection 
which  it  waa  possible  to  observe,"  was  "88  per  cent.  (§  34). 

This  ia  synonjmoufl  with  "  the  tlegree  of  accniaoy  with  which   the 
talag  of  the  ^raaometer  deflecUoa  aaa  he  read  "  (page  27]. 


[ 
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Bum  np,  we  have 

Sell  Cojidititmt  for  mating  the  Teat. 

85.  Make  a  not  greater  than  ^^g^th  of  g,  and  make  b  not  len 
than  ten  timee  as  great  aa  t;,  and  preferably  as  mncli  Mgher 
than  g  as  possible,  but  not  of  sncb  a  high  valne  that  d,  mien 
exactly  adjusted,  has  to  exceed  all  the  resistance  we  can  insert 
between  D  and  E  (Fig.  33). 

Adjust  d  approximately,  and  then  if  necessary  adjost  the 
battery  power,  ao  that  the  final  deflection  ie  as  possible  that  of 
maximum  Bensitiveness,  and  then,  having  exactly  adjneted  d, 
calculate  g  from  the  formula. 

Poggible  Degree  of  Aoairaei/  attainable. 

If  we  can  read  the  galTanometer  deflection  to  an  accuracy 
of  y  per  cent.,  then  we  can  determine  the  value  of  <;  to  an  accu- 
racy (X')  of 

^X'  =  (l+?)(l-f?)y  per  cent 
a  ia  small  and  d  large,  then  we  get 
V  -  y'. 

80  that  under  the  best  oonditiona  for  making  the  test,  the  aocu- 
mcy  with  which  the  value  of  G  could  be  determined  would  be 
the  same  aa  the  accuracy  with  which  the  value  of  a  change  in 
the  deflection  could  be  observed. 

86.  In  the  practical  execution  of  the  test  with  the  set  of 
resistance  coils  shown  by  Fig.  33,  the  lowest  value  we  could 
give  to  a  would  be  10  units,  unleea  we  improvised  a  resistance 
of  leas  value,  which  it  might  be  necessary  to  do. 

Thomson's  Method  with  a  Slide  Wire  Eesistahce. 

87.  The  foregoing  teat  is  sometimes  made  by  having  a  +  6,  a 
slide  wire  resistance  (5  17)  d  being  a  fixed  resistance;  in  this 
tam-  the  slide  would  be  moved  along  between  A  and  C,  until  tbh 
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point  is  found  at  which  the  depreaaion  and  raising  of  the  bsy 
malcea  no  alteration  in  the  permanent  deflection  of  the  galvano- 
meter needle. 


I 


T  is  merely  the  ratio  of  the  reBifitances  into  which  the  totri 

resistance  o  +  6  is  divided,  and  as  the  resistances  are  directly 
proportional  to  the  lengths  of  the  wire  on  either  side  of  the 
slide,  it  is  sufficient  for  a  and  (i  to  he  expressed  in  terms  of  the 
divisions  into  which  the  length  of  wire  is  divided. 

How  as  the  total  length,  k,  of  the  slide  wire  is  constant,  thai^ 
is  as 

a  +  6  = 

therefore  we  must  have 


<f 


k  is  usually  divided  into  1000  divisiong,  hence 


<n 


For  fixample. 

In  the  foregoing  test,  equilibrium  was  produced  when  d  v  „  , 
1  ohm,  and  a,  450  divisions ;  what  was  the  resistance  of  the 
galvanometer? 


Hl000-4EOJ  =  560  =  ^^  °^'- 


88.  The  best  conditions  for  making  Oie  lest  in  the  case  where  a 
stide  wire  ia  used,  are  generally  similar  to  those  in  the  previous 
case,  that  is  to  say,  we  should  require  to  have  a  small  and  d 

Now,  the  total  resistance  of  a  +  &  in  the  case  of  a  slide  wire 
would,  under  most  conditions  met  with  in  actual  practice,  be 
small  compared  with  g ;  consequently  a  would  be  small  also. 
For  this  reason,  therefore,  it  would  not  signify  what  were  the 
relative  values  of  a  and  b  in  making  the  test.  But  in  order  to 
make  d  large,  it  is  obvious  that  o  must  be  small  compared  with 
5 ;  thus,  if  rf  is  to  be  10  times  g,  then  a  must  be  10  times  h.  In 
the  first  case,  when  the  test  was  made  by  adjusting  d,  it  was 

inted  out  that  although  there  is  an  advantage  in  making  d 
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as  l&rge  as  poesible,  in  so  far  that  by  so  doing  the  range  of  ad- 
jastmeut  ia  made  large,  yet  as  regains  tlie  general  sensitiveness 
of  the  whole  arrangement,  there  is  little,  if  any,  advantage  in 
making  d  greater  than  about  10  times  g.  In  the  coho  of  the 
slide  wire,  where  d  is  not  the  adjustable  resistance,  there  is  an 
actual  disadvantage  in  making  d  excessively  large,  for  the 
reason  that,  if  we  do  so,  we  make  a  correspondinKly  smaller 
than  b,  and  when  this  is  the  caee,  the  error  in  g  (when  worked 

out  by  the  formnla  ?  =  -j-  I  produced  by  the  valne  of  o  being, 

say,  1  scale  division  ont,  becomes  comparatively  large.  Thus, 
if  the  slide  wire  scale  were  graduated  into  1000  divisions  (which 
is  usually  the  case),  itia  olear  tbatif  the  slider  stood  at,  say,  the 
"  10  "  division  mark  on  the  scale,  then  an  alteration  or  a  mistake 
of  1  division  would  mean  a  change  of  10  per  cent,  in  the  value 
of  a,  whilst  if  the  slider  stood  at  "  100,  then  a  change  of  1 
division  would  only  mean  a  1  per  cent,  change  in  the  value  of  a. 
The  change  in  a  corresponding  to  a  movement  of  1  division, 
would  be  obviously  lees  if  the  sUder  were  near  the  centre  of  the 
scale,  that  is,  near  the  "  600  "  division  mark,  but  in  this  case  the 
increase  in  the  range  of  adjustment  would  be  more  than  com- 
pensated for  by  the  reduced  sensitiveness  of  the  arrangement. 
The  poBsible  degree  of  accuracy  attainable  in  making  the  test  would 
be  as  follows : — 

Let  there  be  an  error  \  in  g,  caused  by  the  slider  being  S 
divisiona  out  of  correct  adjustment,  then  we  have 

^  +  ^  =  *^  (lOOo'-Ca  +  S")) 
or 

\-d(  -     ''  +  ^       ^  -n  =  d~  r        a  +  '^  o       1 

UOOO-{a  +  sV      •'  \l\im-{a  +  i)~\(iW^a\ 

d  1000  S 


(1000  -  af 
since  8  is  very  small. 

If  we  put  percentages  instead  of  abaoluto  values,  that  is  to 
Bay,  if  we  have 


1000008 


\1000  -  a) ' 


a  (1000  -  a) 


— — i  per  cent. 


I 
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If  the  galvanometer  U  Bufficiently  senaitive  to  enable  the 
poHition  of  the  slider  to  be  determined  to  an  aoouraoy  of  1  divi- 
BioD,  then  8=1. 

For  example. 

In  the  laat  example,  what  would  be  the  degree  of  accuracy, 
A,',  with  ■which  the  veJue  of  y  could  be  obtained,  auppoaing  that 
the  position  of  the  slider  could  be  determined  to  an  accuracy  of 
Idi-riBion(S)? 

100000  X  1 
^  =  450-C1000-450)  =  ■*"  P^  '*"*• 

89.  The  facility  and  accuracy  with  which  all  the  foregoing 
t«stB  (except  the  half  deflection  test)  can  be  made  may  be  greatly 
inoreaaed  by  the  following  device ; — Instead  of  making  the  teat 
with  the  galvanometer  needle  brought  to  the  "  angle  of  maximum 
Bonaitiveneas  "  {§  28),  make  it  with  the  needle  brought  approxi- 
mately to  zero  by  meana  of  a  powerftil  permanent  magnet  aet 
neat  the  iuBtrument.  Under  these  conditions  the  galvanometer 
needle  will  be  highly  aensitive  to  any  small  change  in  the 
current  strength. 

90.  In  the  case  of  Thomson's  test  with  the  slide  wire,  if  the  test 
is  made  by  using  a,  permanent  magnet  in  the  manner  described,  it 
is  best  to  make  d  of  a  higher  value  than  would  otherwise  be  the 
case ;  for  then,  since  the  slider  would  have  to  be  set  near  the 
centre  of  the  wire,  a  greater  range  of  adjustment  is  given  to  it, 
for  5  diviaions  near  the  centre  portion  of  the  wire  (500  division 
mark)  is  equivalent  to  only  1  division  near  the  100  division 
mark.  It  is  true  that  the  arrangement  is  not  quite  so  sensitive 
as  when  the  slider  has  to  bo  set  towards  the  end  of  the  scale ; 
but  still  if  mp^ent  senBitiveuesB  be  obtained,  the  small  loss  ia 
more  than  compensated,  for  by  the  advantage  gained  in  having 
an  increased  range  on  the  scale. 

91,  In  order  that  satisfactoiy  results  may  be  obtained  in  the 
foregoing  tests,  it  is  necessary  that  the  galvanometer  be  "  senai- 
tive" (§  63),  otherwise  even  a  moderate  degree  of  accuracy  cannot 
be  oBfluied. 

DmiHisHBD  Deflection  Dieect  Method. 

92,  This  method,  which  has  been  generally  described  in 
Chapter  I.  (§  5),  is  as  followB : — The  galvanometer  Cl,  a  battery 
of  low  reBistance,  and  a  resistance  p,  are  joined  w)  in  simple 

.   circuit;  the  deflection  obtained  is  noted.     Let  this  deflection  be 
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dae  to  a  cairent  O,,  then  calling  E  tlie  electramotdTe  foroe  of  the 
battery,  we  liave 


The  resistance  p  is  aQW  increased  to  B,  so  that  a  new  deflec- 
tion due  to  a  current,  C^  is  prodnc«d ;  then  we  have 


,  or,  C,  G  +  C,  E  =  E ; 


'      G4-B' 
C.G-f  C,p  =  C,G  +  C,E, 
G(C,-C,)  =  CsE-C,p. 

„_C.B-C,p 


^H'ln  the  cane  of  a  tangent  galvanometer,  if  the  deflectione,  D 
and  d,  are  read  from  the  tangent  scale,  then  those  deflections  can 
be  directly  enhstituted  for  the  quantities  C„  C„  for 


Kthis  case,  then,  y 


D;d::Oi;  0,i 
0  = 


dS-Sp 


D  - 


["1 
(1.)  For  example. 

With  a  tangent  galvanometoT  whose  resistance  G  was 
required,  and  a  battery  of  very  small  resistance,  we  obtained 
with  a  resistance  of  10  ohms  (p)  in  the  circuit,  a  deflection 
of  60  divisions  (D)  on  the  tangent  scale  of  the  instrument ;  when 
the  reeiatance  was  increased  to  230  ohms  fB)  the  deflection 
WM  rednced  to  20  diviBions  (d) ;  what  was  the  resistance  of 
tbft  galvaQometer? 

)  X  230  -  60  X  10 


Qr.'. 


60-20 


-.  100  ohms. 


If  the  readings  are  made  from  the  degrees  scale,  then  we  must 
rabfltitnte  the  tangents  of  the  dcflectionH  for  the  deflections 
themselves ;  the  formula  then  becomes 

n  -  tan  tiF  B  —  tan  D°p 
~    tan  D°  —  tan  d" 
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(2.)  For  example. 

In  a  measurement  eimilar  to  the  foregoing,  the  readings  were 
made  from  the  degreet  scale  of  the  iiiBtrumeut,  and  defiectione 
of  50°  (D°)  and  21J°  ft!")  respectively  were  obtained  with 
resiatancoa  of  10  ohms  (p)  and  229  ohms  (EJ  in  the  circuit. 
What  was  the  resifitanee  of  the  galvanometer  ? 


q50''=1-1918,    and,   tan  Sll"  = -3990, 
■3990x229-1-1918x10  _,„„„^_ 


i 


93.  If  in  equations  [B]  and  [C]  we  have  p  =  0,  that  is  to 
say,  if  we  make  the  test  by  having  at  first  no  reelHtance  in  the 
droiiit  except  that  of  the  galvanometer  itself,  then 


tan  ly  -  tan  (f  ■ 


4 

mm 
mm 


94.  What  are  the  "  Best  flonditions  for  mating  the  teat," 
and,  what  ia  the  "  Poasible  degree  of  accuracy  attainable  ? " 
There  are  two  points  to  be  considered  in  the  first  question ;  one 
is — what  value  should  p  have?  and  the  other — what  should  be 
the  relative  values  of  C,  and  Cj? 

Now  we  are  liable  to  make  an  error  in  reading  the  value  of 
Ci,  or  an  error  in  reading  the  value  of  C,,  or  again  we  may 
make  errors  both  in  Cj  and  C™,  but  inasmuch  as  the  result  of 
two  errors  would,  of  course,  be  greater  than  one  only,  it  is 
advisable  to  mate  the  teat  under  conditions  which  ensure  the 
result  of  the  double  error  being  as  small  aa  possible.  Let  us, 
therefore,  in  equation  [A]  suppose  that  there  ia  a  small  error,  Cj, 
in  Cj,  and  a  small  error,  Ci,  in  C!,,  the  error  Cj  being  plus  and  t^ 
minus,  so  that  the  resulting  total  error  in  G  is  as  great  as  poa- 
sible ;  also  let  X  be  this  total  error,  that  is,  let  ns  have 


G  +  X  = 


^(a  +  c,)B-(a-c,)p 


(C, -c)-(C.  +  o,) 


(C,+  c,)R-(C.-c,)p 
"    (C,-O-(0.+  c,) 
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_  Cj  B  -  C,  p 
C,  -  C,      ' 


_q(Ci 


If  we  inaort  this  value  of  R  in  the  above  equation,  and  mul- 
tiply up,  cancel,  etc.,  then  we  get 
(C...  +  C..,) 


1^  aiaoe  C|  and  c^  are  -very  small,  we  may  eay 
(H+P). 


,  _C,e.+  C.., 
0.(0,-  0,) 


[PJ 


From  ibiB  equation  we  can  see  that  If  C,  and  C,  have  fixed  values, 

then  \  varies  directly  as  G  +  p,  consequently  in  order  to  make 
X  as  small  as  possible,  wa  must  make  p  as  small  as  possiljle ; 
but  we  can  also  see  that  there  is  no  great  advantage  in  making 
p  very  much  smaller  than  G. 

We  have  next  to  consider  what  the  relative  values  of  C,  and 
C,  should  be,  p  being  taken  as  constant.  In  order  to  do  this, 
we  must  aBsume  Oi  to  be  constant,  and  then  determine  what 
value  C,  should  have.  We  have  then  in  equation  [F]  to  find 
what  vfilae  of  G,  makes  \  as  small  as  possible ;  to  do  this  we 
require  to  make 

O.c+Cc 

C,(C, -C) 

as  small  as  possible  by  variation  of  0,. 
Now 

c.c,+  o.fl._cro. -g    c'Ck+1)  ,  _  ,  n1 
c,{C,-c,)~o.L    c,     "''c-c,       ■•■   J 


where  « 

=  — ;  and  since 

^ia  constant,  what  we 

have  to  do  is 

to  make 

[^■+ 

C.(«+l) 
0, -C, 

+.+.] 

uimall 

Now 

as  possible. 

ro,  -  c, 
L  c, 

,  C.(.+  l)  , 

+  o.-c,  + 

.+  .]  = 

"-^b 

0,V" 
C- 

^T 

B 

+  2, 

/«+!  + 

«  +  2, 

i 

86  HANDBOOK   OP   ELECTRICAL  TESTING. 

and  in  ordei'  to  make  the  latter  aa  small  as  poBailile  we  mi 

make  1 1= ~ —  as  sma-ll  as  possible,  that  is  to  say,  ■ 

must  make  it  equal  to  0,  therefore 


0.V.  +  1 
0,-0,    " 

from  which  we  get 


=  C,  V«  +  l, 


C.(V«+1  +  1)  =  C„     er,    C.=  vtJt+i'    ™ 


^'    V2  +  1     a-"42 

Practically  we  may  make 

o.=e., 


The  greatest  possible  value  which  X  could  have  would  be 
that  which  would  result  when  both  the  errors  o,  and  c,  existed, 
these  two  errors  being  of  equal  value,  or  rather  c^  being  as  lai^e 
as  c,.  If  th«  deflections  are  read  in  divisions,  then  o,  and  e, 
would  be  equal ;  but  if  the  deflections  are  read  in  degrees,  then 
c,  will  be  larger  than  c^,  in  proportion  as  Gj  is  smaller  than  C,. 

Iln  the  case  where  the  greatest  possible  ertor  oan  exist,  that  ie, 
when  Cj  =  c„  or  r  =  1,  then  we  have 


i 


for  although  this  does  not  give  the  exact  minimum  valno  to  X, 
yet  the  difference  between  it  and  the  actual  minimum  is  very 
small,  thuB  if 

0  -  -5i- 

■      2-4142' 
then  feom  equation  [F]  we  get 
C, 
^2-4142 


2-4142 


but  if 


i 
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(a  +  ^)  =  ;i6-000(G  +  p): 


tliat  is  to  say,  tlie  errora  would  be  as 

6-000  to  5-828, 

a  difference  which,  is  of  no  practical  importance.  

If  the  readings  were  made  from  the  degrees  scale  of  a  tangent 
galvanometer,  then  the  error  c,  would  be  larger  than  the  error 
t%,  in  wMch  caae  it  wonld  be  actually  an  advantage  to  make 

C,  eqtial  to  -5-'  in  preference  to  making  it  equal  to  -  -  '-- ;  thus, 

if  e,  were,  say,  3  times  as  large  as  c„  then  the  best  value  to  give 
to  O]  wonld  be 

§(. 9i. 5; 


be  taken  as  the  ono  which  would  enable  satisfactory  results  to 
be  obtained  under  all  oonditions.  If  the  deflectious,  D,  d,  are 
read  in  divisions,  then  we  must  have 


approximately.    But  if  the  defiections  are  in  degrees,  and  we 
read  from  a  tangent  galvanometer,  then  we  must  have 


ftpproximately. 

95.  We  have  next  to  conaider  what  is  the  "  Possible  degree  of 
accuracy  attainable  "  when  p  and  G  havo  any  particular  values ; 
this  we  can  ascertain  from  equation  [FJ.  Let  us,  then,  in  this 
equation  put  percentages  for  absolute  values,  that  is  to  say,  let 
nahave 
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then  we  get 


('H)' 


[H]| 


If  .the  deflectiona  are  read  in  divmow,  then  the  errors  in  both 
must  be  of  the  same  abeoluto  values  ;  let  each  of  these  values 
be  ij,th  of  a  diviaion,  then  wo  mnHt  have 


*  -    d^D-i)  V  +  aJ-  wm 


For  example. 

In  example  (1)  (§  92)  wha.t  would  be  the  degree  of  accuracy 
with  which  the  teat  could  be  made  7  The  defleotiona  could  he 
read  to  an  accuracy  of  ^  of  a  diviaion, 


X*  = 


J  (60  +  20)  100  /,    ,    10  \       „  ^ 

20(60-20)   0  +  m)  =  ^-^  P^  '=^^*- 


* 


If  the  deflections  are  read  in  degrees  from  a  tangent  galvano- 
meter, then  we  muat  have 


(tan  D^  g^  +  tan  tf  S.)  IQQ  /, 
tan  d°  (tan  D°  —  tan  d')  \ 


^  +  P  )  P^''  '^"*' 


where  S^  and  Sj  are  of  the  respective  values 

5j  =  tan  D^°  —  tan  D,     and,     Sj  =  tan  d-^°  —  tan  d°, 
^°  being  the  poaaible  error  in  the  deflections. 

For  example. 

In  example  (9)  (§  92)  what  would  be  the  degree  of  aocnraoy 
with  which  the  test  could  be  made  ?  The  deflections  could  be 
read  to  an  accuracy  of  ^°. 


8,  =  tan  50i" 
S-  =  tan  22°  ■ 


and 

therefore 
,,      (1-1918  X  -0050+  -3990 


-  tan  50°  : 
tan  21f 


■0106, 
■0050  J 


•3990  (1-1918-  ■asgo) 


90  X  -0106)  100  /,        lO^S 
-  ■3990)  I.    "''iOO/'" 


3'6  pero&at. 


r 
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enm  up,  tlien,  we  have 

Sett  Condilioru  for  makiug  the  Test. 

96.  Mate  p  ae  small  aa  possible. 

Make  E  of  eaah  a  value  that  when  the  deflectionB,  D,  d,  i 
in  diinsionB,  then 


tan  d"  =  - 


approximately ;  and  when  the  deflections  are  in  degrees 
tangent  galvanometer,  then 

^_  j„       tan  D' 
: 


iTOximately. 


PogsSile  Degree  of  Accuracy  attainahle. 

If  the  deflections  are  in  divisions,  and  if  we  can  read  their 

«iloe  to  an  acoaracy  of  ^h  of  a  division,  then  we  can  determine 


the  value  of  G  to  an  accuracy,  k' 
.,  _i{D-M)100 

"  — r^ 

If  the  deflections  are  in  degrees 


then  if  v/e 
degree,  we 


^(1+^j  percent. 
tan  (i°  (ttm  D°  -  tan  d°)  ^ 


read  their  value  to  an  accuracy  of  -th  of  a 
determine  the  value  of  G  to  an  accuracy,  X',  of 


{tan  D°  S,  +  tan  <r  3,)  100  /,        p\ 
-  ^- — o/  P^^  "^ 


where 

S,  =  tan  D^°  -  tMi  D°,    and,    S,  =  tan  d~,°  -  tan  d°. 

DlMiSIBHED  DBFLBOTIOK  SHtnTF  METHOD. 

97.  Referring  to  Pig,  34,  this  method  is  as  follows  : — 

The  galvanometer   Q,  whose  resistance  is  to  be  determined, 

is  joined  up  with  a  resistance  B,  a  battery  E,  and  a  shunt  B, ; 

the  deflection  obtained  ia  noted ;  let  this  deflection  be  due  to  a 

onirent  Oi.  then  (§  72)  we  have 


ESi 
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^^ 

1      " 

■                               C,  G  (S,  +  E)  +  C,  8,  B      „ 

that  theH 
kflectioa  ■ 

■ 

The  resiBtance  of  the  Bbiint  Ib  now  reduced  to  S„  bo 
galvanoiaetcir  deflection  is  also  reduced ;  let  this  new  i 
be  due  to  a  current  G„  then  we  must  have 

H                                C.G{S.  +  E)  +  aS,R      J, 

■ 

^^^^^H_                                          Fig.  34. 

^fl 

B     .rffk     • 

^H 

^m     r^^^r^)    , 

^H 

^H 

^H                             ^ — \\ 

^^B  therefore 

^T^^H 

H            C,G(S,+  E)  +  0,8.E      C,G(S,  +  E)  +  C,SiE           ■ 

^     tliati. 

.■ 

G  tCS,  (S,  +  E)  -  0,  3,  (S,  +  E)]  =  S,  S, E  (0,  ■ 

-C).     1 

ftom  wMch  we  get 

■ 

■                         „                   8,S,E(0,-C,) 

1 

■                         "*-C.S.(S,  +  E)-0,S,CS,  +  E)' 

^b°' 

[A]     1 

■        Ms+D-^-a+s) 

^^r    In  the  case  of  a  tangent  galvanometer,  if  the  deSections,  D  and.^| 
^H      d,  are  read  &oia  the  tangeal  scale,  then  we  should  have                  ^M 

B                 ^-'' 

[B]     I 

^          '(k-^'i}-<+l) 
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(1.)  For  example. 

With  a  tangent  galvanometer  whose  resiBtanco,  G,  was 
required,  and  a  battery  of  very  small  resistance,  we  obtained 
with  a  shunt  of  200  ohms  (Si),  a  tieflection  of  60  divisions  (D)  on 
the  tangent  soale  of  the  instmineut ;  wheu  the  shunt  was 
reduced  to  26  ohms  (S,),  the  deflaction  was  reduced  to  20  divi- 

^^|dons  (d).    The  resistance,  R,  was  400  ohms.    What  was  the 

^^UBBiBtuice  of  the  galvanometer  ? 

^^  If  the  deflections  are  read  in  degrcet,  then  in  equation  [B]  wo 
moat  substitute  tan  D°  and  taa  <f  for  D  and  il  respectively; 
we  then  get 

„  tan  D"  —  tan  d°  j^. 


1 


''Qi  +  m)-">{m  +  m) 


=  100  ohms.  ■ 


«<a+B)— (b'+1) 


m     (S.)  For  eaianiple. 

In  a  measurement  similar  to  the  foregoing  the  readings  were 
mado  from  the  degrees  scale  of  the  instrument,  and  deflections 
of  50°  (D°)  and  213°  {d")  respoctivoly  wcto  obtainud.  The 
vKluee  of  a„  8,,  and  R  were  200,  25,  and  S80  ohms  respeo- 
tivaly.    What  was  the  resistanoe,  G,  of  the  galvanumeter  ? 

tan  50°  =  1-1918,  tan  21  J°  =  -SDSO, 


1.1918  -  -BBOO 


98.  If  we  make  the  toat  by  haying  no  shunt  inserted  when 
the  first  deflection  is  observed,  thut  is  to  say,  if  wo  have  S,  =  oo. 


■  =:  0,  then  etjuation  [B]  iKcomoB 
G  = 


[D] 


\ 

I 
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and  equation  [C] 

„  tan  D°  -  tan  d° 


[E] 


[F] 


[G] 


99.  In  order  to  dotennine  the  "  Best  conditions  for  making'! 
the  teat,"  and  also  the  "  Possible  degree  of  accuracy  attainable,  ■ 
let  TIB  write  equation  [A]  in  the  form, 

G  C. -C, 


1  form  to  equation  [B]  (§  92) 
in  the  last  test  (Diminished  deflection  direct  method),  the  only 


"       .      ^/l    ,    1\      tanD" 

rnrther  still,  if 

we  make  E  a  very  high  resistance,  that 

and  [E]  wo  make  ^  =  0,  then  we  | 

Bimglifioations 

a  =  s.(5-i) 

wid 

«-.(S°-)- 

Now  this  equation  is  similar 
in  the  last  test  (Diminished  def 

difference  being  that  we  have  ^  inateadof  G,  and!  7t+  s)  aid 
ig-  +  -^ J  instead  of  E  and  p,  xespeotiTely;  and  inasmuch 


X'  per  cent,  error  in  ^  i 

the  opposite  sign),  we  c 
expreMed  by  an  equatic 
(5  95),  that  is  to  say,  we 

(C.c.  +  O.e.)100r 
~       0.(G. -C) 


an  A'  per  cent,  error  in  G  (though  of 

,n  see  that  the  value  of  \'  must  be 
I  of  the  same  form  as  equation  [H] 


-[l  +  G(^+5)]p«r»>»'-     [H] 

We  can  see,  therefore,  from  the  investigations  in  the  last 


1 


,  tost  that  we  must  have 


I 
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Bett  Ctmditiona  for  making  the  Tett. 
100.  Make  8,  and  E  a»  large  as  possible  '  (§  96). 
Make  8,  of  such  a  value  that  when  the  deflections,  D  and  d, 


approximately;  and  when  the  defleotionB  are  in  degrees  on  a 
tangent  galvanometer,  then 

,       _       tan  D" 
tan  (i°  =  — — 

■il^proximately. 

Possible  Degree  of  Accuracy  attainable. 

If  the  deflections  are  in  dimsions,  and  if  we  can  read  their 
valne  to  an  accuracy  of  ^th  of  a  division,  then  we  can  deter- 
lue  the  Tflluo  of  G  to  an  accuracy,  X',  of 


^  (D  +  d)  100 


fh«S+5)]p«»- 


i 


If  the  deflections  are  in  degrees  on  a  tangent  galvanometer, 
then  if  we  can  read  their  value  to  an  accuracy  of  i,th  of  a  degree, 
can  determine  tho  value  of  G  to  an  accuracy,  X',  of 


=    ten  d-  (tan  D°  -  tan  ^)   [^  +  ^  (si  +  r)J  ^^^  '^^*- 


=  tan  D^°  —  tan  D%    and, 


n  d^  —  tan  d°. 


101.  It  may  bo  remarked,  that  in  the  foregoing  methods  unleee 
the  galvanometer  under  measurement  has  a  high  degree  of 
"  eenaitiveness  "  (§  63),  then  even  a  moderate  degree  of  accuratiy 
in  making  the  test  cannot  be  assured, 

*  The  invcatigatluns  ia  the  oase  of  the  list  teat  prove  that  wa  ahonld 
make  (^  +  ^  i  as  saall  as  possible ;  tluB,  of  conrae,  is  eqolTalent  to  makiiig 
8,  anil  B  as  hrgc  ae  poasible. 
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CHAPTER  VI. 

MBASUBEMENT  OF  THE  INTERNAL  EESISTANCE  OF 

batteries. 
Half  Deflection  Method. 

102.  On  page  5  a.  formula  is  given  for  determiiiiiig  the  re-  I 
rastaDoe  r  of  a  battery,  viz. : — 

r  =  K  -  (2  p  +  G), 

where  G  is  the  reBiatance  of  the  galvanometer  employed  to  make  ! 

the  test,  p  a  reaistance  which  gave  a  certain  current  thruueh  I 

the  galvanometer,  and  B  a  larger  resistance  which  caused  toe  I 

strength  of  this  current  to  be  halved.  \ 

As  this,  tbongh  a  simple,  is  a  very  good  test,  and  is  one  which 

is  very  frequently  made  use  of,  a  numerical  example  may  prove  | 
of  value. 

For  example. 

With  a  galvanometer  whose  resistance  was  100  ohms  (G), 
and  a  battery  whose  resistance  (r)  was  to  bo  determined,  w« 
obtained  with  a  resistance  in  the  resistance  bos  of  150  ohms  (  p), 
a  deflection  representing  a  current  of  a  certain  strength,  and 
on  increasing  p  to  600  ohms  (R),  we  obtained  a  deflection  which 
showed  the  current  strength  to  be  halved.  What  was  the 
resistance  of  the  battery? 

r  =  600  -  (2  X  150  +  100)  =  200  ohms. 

To  avoid  mistakes,  it  should  be  carefully  observed  that  in 
working  out  the  formula  we  "  Firel  doiAle  the  smaller  refistanee  ; 
to  the  result  add  the  resistance  of  the  galvanometer,  and  deduct  this 
total  from  the  greater  resistance." 

103.  A  very  common  method  of  making  this  test  is  to  employ 
a  galvanometer  of  practically  no  resietanoe,  and  to  take  the  first 
deflection  with  no  reeielaooe  in  the  circuit  except  that  of  the 
battery  itself.     In  this  case  (2  p  +  G)  =  0,  so  that 


I  cr  the  added  resistance  is  the  resistance  of  the  battery. 
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104.  If  wo  compare  the  first  mettod  (§  102)  with  the  teet  for 
determining  the  resietaoce  of  a  galvanometer  deaeribed  on  page 
51  (§  66),  we  can  see  that  the  two  are  almost  identical.  In  the 
one  oa£e  we  determine  the  resistance  of  the  galvanometer,  and 
in  the  other  we  determine  the  renistance  of  the  battery  plus 
the  galvanometer,  and  then  from  the  result  deduct  the  value  of 
the  galvanometer.     This  being  bo,  we  can  see  that  the 

Best  Conditions  for  making  the  Tett 

are  obtained  by  making  p  +  G  a  fractional  value  of  r ;  to  do 
which  we  should  require  a  galvanometer  of  low  resistance. 

As  regards  thopossible  degree  of  accuracy  attainable,  we  can  see 
from  the  galvanometer  test  referred  to,  tbat 


1 


K'-l)'' 


that  is  to  say ; — 

PogsSile  Degree  of  Accuracy  aUainaMe, 

If  we  can  be  certain  of  the  value  of  the  galvanometer  deflec- 
tion to  an  accuracy  of  y'  per  cent.,  then  we  can  be  certain  of 

the  accuracy  of  the  value  of  r  within  2(1  H —  jy'  per  cent. 

Or  if  we  employ  a  galvanometer  of  low  resistance,  then  w© 
can  be  certain  of  the  accuracy  of  the  value  of  r  within  2  y'  per 
cent. 

If  the  galvanometer  deflection  be  too  high,  i.e.,  above  about 
55'  (page  25,  §  SI),  with  the  lowest  value  we  can  give  to  p,  then 
the  galvanometer  must  be  reduced  in  Beneitiveness  by  beins 
shnuted,  and  the  value  of  G-  in  the  formula  will  then  be  the 
combined  resistance  of  the  galvanometer  and  shunt,  that  is,  the 
product  of  the  two  divided  by  their  sum. 

Thomson's  Method. 

105,  Fig.  35  shows  the  theoretical,  and  Fig,  36  the  practical 
methods  of  making  this  test. 

The  theory  of  the  method  is  as  follows :  The  galvanometer  Q, 
a  reeistance  (Hes.),  and  the  battery  whose  resistance  r  is  required, 
are  joined  up  in  simple  oircnit  with  a  shunt  S  between  the 
poles  of  the  battery ;  a  deflection  of  the  galvanometer  needle  is 
produced  with  a  resistance  p  in  the  resistance  box.  The  shunt 
is  aow  removed ;  this  causes  the  deflection  to  become  Isjigfti  -, 
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p  is  thou  increased  until  the  defection  becomes  fho  same  as  it  I 
was  at  first.  Let  the  new  reaietance  bo  E,  and  let  E  be  the  [ 
electromotive  force  of  the  battery  and  G  the  current  passing  I 
through  the  galvanometer. 


^h>HK 


i^ 


8(p+G)  "a-l-f  +  G 
'B  +  f  +  8 


r(S+,+  G)  +  S(p  +  G)' 


and  in  the  Becond  ease 


f  +  H+G      r(S4-p  +  G)  +  SCp+G) 
By  multiplying  up  and  cancelling, 

r(p  +  G)  =  S(li-p), 
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For  example, 

A  battery  irliose  resistance  (r)  was  required,  was  joined  np  in 
circuit  with  a  resistaoce  of  200  ohms  (p)  and  a  galvanometer  of 
100  olinis  (G),  a  ehunt  of  10  ohms  {S)  being  between  the  poles 
of  the  battery. 

On  removing  the  ehunt  it  waa  necessary,  in  order  to  reduce 
the  increased  deflection  to  what  it  was  originalK-,  to  increase  p 
to  3200  ohms  (R).     What  waa  the  resistance  of  the  battery  ? 

,^3200-201)       ,_.    , 
'•  =  ^S0Q  +  1Q0    =^Q°<'^'^- 

lOG.  The  inTcstigation  for  determining  the  best  resistances 
to  employ  in  malting  this  teat  would  be  conducted  in  preoissly 
the  aamo  manner  as  that  given  on  page  67,  et  ieg.  For  the 
equation 


(E+_G)  -  (p  +  G) 
P  +  G 


'which  is  the  same  kind  of  equatio 
have  referred  to,  viz. : — 


«nd  as  in  this  case  we  proved  that  S  was  to  be  as  small  and  R 
fls  large  as  possible,  ao  from  the  preceding  equation  we  shoiild 
prove  that  S  should  he  as  small,  and  E  +  G  as  large,  as  poaaibJe. 
in  order,  therefore,  to  obtain  the 

Beit  Oonditiosa  for  making  the  Tegt, 

107.  First  make  a  rough  tost  to  ascertain  approximately  what 
in  the  value  of  r.  Having  done  this,  insert  a  shunt  (S)  between 
the  jjolea  of  the  battery,  of  less  resistance  than  r. 

Nest  join  np  p  in  circuit  with  G,  with  the  battery,  and  with 

ite  shunt  S,  making  p  -f-  Q  not  larger  than  =-  {G  +  K) ;  E  being 

the  highest  resistance  that  can  be  inserted  in  the  circuit. 

The    galvanometer   needle  being   obtained   at  the  angle  of 

maximum  sensitiveneas,  note  the  value  of  p. 
Now  remove  the  shunt  and   increase  p  to  R,  bo  ^^"d  ^i^ 


9  it  was  at  first.    Note 

atlaiiiaUe.  ^^M 

to,  we  can  eee  that  iJ^H 
manometer  tieflectioii  to^H 
determine  the  accuraojr^H 

per  cent.  ^H 


Fogsihle  Degree  of  Accuracy  allainaUe. 

From  the  galvanometer  teat  referred  to,  we  can  see  that 
ive  can  determine  the  valne  of  the  galvanometer  deflection 
m  accuracy  of  y'  per  cent.,  then  we  can  determine 
of  r  to  an  accnracy  of 

('  +  ?)  I' +  kTg) ''"""'»'• 

)8,  As  we  cannot  in  this  test  vary  the  resistance  of  the 
galvanometer  so  as  to  obtain  the  deflection  at  the  angle  of 
jaximnm  sensitiTeneas,  we  mtiBt,  if  the  deflection  be  too  high 
pith  the  bigheBt  resistances  ve  can  put  in  the  circuit,  reduce 
its  sensitivenees  by  means  of  a  shunt  between  its  terminalB,  the^ 
value  of  G  in  the  formula  will  then  he  the  combined  resistutioe' 
of  the  galvanometer  and  its  shunt. 

The  constancy  of  a  battery  being  much  impaired  by  its  being 
>n  a  circuit  of  low  resistance,  it  is  not  advisable  to  reduce  the 
deflection  of  the  galvanometer  by  making  S  very  smalt.  In 
fact  8,  although  it  should  be  lower  than  the  resistance  of  " 
batterj',  should  not,  in  this  test,  he  made  lower  than  we 
help.  Thus,  if  the  resistance  uf  the  battery  were  about  200 
s,  it  would  be  preferable  to  maVo  S  100  rather  than 
10  ohms.  Should  the  deflection  of  the  galvanumeter  needle  be 
too  low,  the  only  thing  to  bo  done  is  tu  use  another  which  ' 
a  higher  figure  of  merit. 

109.  A  Thomson  galvanometer  answers  very  well  fur  teats 
like  this,  as  its  figure  of  merit  can  always  be  made  sufBciently 

f  by  placing  a  shunt  made  of  a  short  piece  ol'  wii-e  between 
its  terminals. 

110,  If  we  conid  manage  to  adjust  p  in  the  first  place  so  that 
ogether  with  G  it  equals  S,  we  get  the  simplified  formula 


I 


-,  K  -  f 


=  K-  t 


or  again,  i: 

galvanometi 

6  get  the  i 


i  with  no  other  reaistance   ; 
r  circuit  beyond  that  of  the  galvanometer  itsefl 
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If  we  arrange  the  testa,  bowever,  go  as  to  use  these  eimplified 
formnlae,  we  are  obliged  to  employ  an  arrangement  of  reaiat- 
nncee  whicli  wonld  not  be  at  all  advisable  if  we  wisb  for 
accuracy,  and  it  ia  very  questionable  wbethor  any  advantage 
is  gained  by  adopting  a  simplification  of  a  formula,  in  itself 
simple,  at  the  expense  of  accurate  testing. 

Siemens'  Mhtthod, 

in.  Fig.  37  shows  the  arrangement  of  resistances,  &c„  fur 
determining  the  resistance  of  a  battery  by  Siemens'  method. 


1 


i 


T_ 


!A  C  is  a  resistance  on  the  slide  principle  (§  17),  R  a  resistanw. 
ottmected  to  the  junction  of  the  galvanometer  G  and  the  battery 
whose  resistance  r  is  required.  The  other  end  of  B  is  connected 
to  the  alider  B. 

Now  it  will  be  found  that  if  B  be  moved  towards  A  or 
towards  C  from  a  certain  point  midway  between  A  and  C,  the 
cnrremt  flowing  through  the  galva-nometer  will  be  increased. 

It  follows  from  this  that  if  we  put  B  near  A  and  obtain  a 
certain  deflection,  we  can  also  obtain  this  same  deflection  by 
sliding  B  to  a  point  near  C. 

Let  B  and  B,  be  these  points,  and  let  a  be  the  resistance 
between  A  and  B,  6  the  resistance  between  B,  and  C,  and  p 
the  resistance  between  B  and  B^.  Also  let  E  be  the  electro- 
motive force  of  the  battery,  and  r  its  resistance,  and  let  C  bo 
the  current  deflecting  the  galvanamuter  needle. 
Now  when  the  slider  is  at  B 
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[  (tnd  wlien  tlio  elider  is  at  B^ 

"  =  {r+a  +  e)(S  +  b  +  a)  +  S{b  +  Gy 

('  +  »)  (R+p  +  l.+  Q)  +  E(,+  6  +  G) 
=  (r  +  .+  p)  (E  +  S+G)+B(i,  +  G); 


I 


r  +  a^b+G 

r  =  a-\-b  ~  a. 

In  making  thia  test,  then,  what  we  have  to  do,  is  to  note  what 
are  the  values  of  A  B  {a)  and  B,  C  (6)  when  the  same  deflec- 
tions are  obtained  on  the  galvanometer,  then  from  these  values 
and  the  lesistance  of  the  galvanometer  we  can  determine  the 
resistance  of  the  battery. 

112.  Another  way  of  making  the  test  is  to  find  the  point  be- 
tween A  and  C  which  gives  the  least  deflection  ;  then  a  and  h 
will  be  the  resistances  on  either  side  of  this  point. 

113.  Let  us  now  consider  what  are  the  "  Best  conditions  for 
making  the  test,"  The  points  to  be  considered  are,  what  are  the 
best  resistances  to  make  R  and  A  0,  and  also,  at  what  point 
shuuM  we  place  the  slider  to  commence  with,  that  is,  should 
we  place  it  near  one  of  the  ends  of  A  C  or  at  some  point  nearer 
the  middle  of  the  latter? 

From  the  equation 

T  =  G-f  6-a 

it  is  clear  that  any  error  made  in  b  or  a,  will  make  an  exactly 
corresponding  error  in  r ;  in  oonsidering  the  problem,  therefore, 
we  have  simply  to  determine  what  arrangement  of  resiatancea, 
&o.,  will  cause  any  slight  eri'or  in  a  or  b,  that  is  any  slight 
rqovement  of  the  slider,  to  ma,k8  the  greatest  possible  alteration 
in  the  cuixent,  that  is  in  tlae  deflection  of  the  galvanometer 
needle. 

Let  na  suppose  the  slider  was  at  B  for  the  first  observation, 
and  let  us  suppose  that  when  the  slider  was  at  that  point,  a 
current  C  flowed  through  the  galvanometer,  and  that  when  the 
slider  was  moved  to  B,  the  current  was  also  C.  Further,  when 
the  slider  was  moved  a  distance  \  beyond  B  towards,  say.  A,  let 
■■  us  euppom  the  current  was  increased  to  G  -|~  '• 


\ 
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We  have  then  to  determine  what  arrangement  of  resistances, 
&C.,  will  make  ^  as  large  as  possible. 


1  mafi:e 
Now 


^  =  (r  +  a)  (E  +  p  +  V+ 0)-+ S-(p  -f  b  +  G)  ' 
and  we  know  that 

consequently 

_  EE 

^  =  (r  +  a)(R  +  p  +  r+a)+E(p  +  r  +  a)  ' 

and  by  putting  a  —  \  for  a,  and  p  -{-Xfor  p,  we  get 

EE 

45  =  C»  -  C ; 

therefore 

C  =  "0         ' 

therefore 

c^    X  (R -f- p -1-^ -I- a) 

C       (r  +  a-\)(R-f  p  +  r-f  a)+E(p  +  r  +  a)' 

or,  since  A.  is  a  very  small  quantity,  we  may  say 

£ \(R  +  p  +  r  +  a) ... 


or 


c  A 


[B] 


We  will  first  determine  at  what  point  the  slider  should  be 
placed  to  commence  with. 

Now  if  we  show  at  what  point  it  should  be  placed  near  A, 
we  determine  the  point  at  which  it  should  be  placed  near  C,  for 
r-^-a  must  equal  G  +  6.  What  we  have  to  do  then  is  to 
determine  the  best  value  to  give  to  a. 
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To  do  this  we  must  suppose  the  resistance  A  C  to  be  constant, 
or  since  r  and  G  are  naturally  constants,  we  must  have 

r+a+p+h  +  Q; 
that  is, 

r+a+p  +  r  +  a, 

equal  to  a  constant,  say,  K ;  therefore 

therefore,  by  equation  [A],  we  get 

c X(B  +  K-  (r  +  g)) 

C  "■  (r  +  a)  ( E  +  K  -  (r  +  a )  ;  +  E  (K  -  (r  +  a)  ) 

X(E  +  K-(r  +  a)) 
(r  +  o)(K-(r  +  a))+EK' 

From  this  we  see  that  the  smaller  we  make  (r  -f-  o)  the  larger 
will  be  the  numerator  of  the  fraction.     Also  if  r  4-  a  be  less 

than  —  (which  it  must  be  in  the  test),  the  smaller  we  make  it 

the  smaller  will  be  the  denominator  of  the  fraction ;  *  oon- 

*  This  may  be  proved  as  follows : — 

(r  +  a)(K-(r+a))  =  (r  +  a)K-.(r  +  ay=|l-((r  +  a)-|y. 

If  in  the  latter  expression  we  make 

E 

then 

which  makes  the  expression  as  small  as  possible. 

But  if  we  make  r  +  a  either  larger  or  smaller  than  — ,  then  (('*  +  «)-"  -^  )" 
does  not  equal  0,  but  it  has  a  plus  value  which  increases  in  proportion  as  we 
make  either  (r  +  a)  larger  than  -,  or  —  larger  than  (r  +  a);  for  although 

(r  -{-  a)  ^  9  )  ^^  ^^^  ^^^^  ^^^^  ^^^^  ^  positive,  and  in  the  other  case  a  negative, 

(K\2 
(r  +  a)  —  —  y  is  positive  in  both  oases. 

If,  therefore,  we  make  (r  -f  a)  smaller  than  -^t  the  value  of  the  expression 

referred  to,  and  cooBequently  the  value  of  (r  +  a)  (K  —  (r  +  a)),  will  increase 
JO  proportion. 
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(leqaently  the  smaller  we  make  (r  +  o),  a&d  therefore  a,  the 
larger  will  —  be. 

It  is  beet,  tbereforo,  to  plac«  the  slider  to  commcace  with  as 
near  to  one  end  of  A  C  as  possible. 

Seit  we  have  to  determine  what  valne  we  should  give  to  A  C. 
This  wo  Bhall  do  if  we  detarmine  what  value  p  should  have. 
If  we  write  equation  [B]  in  the  furm 


I 


we  can  see  that  r.  a,  and  R  being  constant,  —  is  made  ae  large  as 

possible  by  making  p  as  small  as  possible ;  but  wo  can  also  see 
tlwt  there  is  but  little  use  in  tnaking  p  much  smaller  than 
r  4-  1,  or,  as  a  ought  to  be  small,  in  makiag  it  much  smaller  than  r. 
Lastly  we  have  to  find  what  value  it  is  best  to  give  to  R ; 
this  we  caa  also  determine  from  tLe  last  equation.     Wo  can  see 

from  the  latter  that,  r,  a,  and  p,  being  constant  qnantities,  p  is 
made  as  large  as  possible  bj  making  R  as  smull  as  pot^ible ;  but 
we  can  also  see  that  we  gain  but  verj-  little  by  making  R  much 
smaller  than  r  +  a,  or.  bb  a  ought  to  be  small,  by  making  it 
amallor  than  r.  Actnally  of  course  wo  could  not  make  R 
extremely  small  for  the  reason  that  tlie  battery  and  galvanometer 
would  then  be  practically  short  circuited  and  a  readable  de- 
flection could  not  be  obtained. 

Since  r  +  a  =  G  +  (i, 

a  can  only  be  made  small  by  having  G  small;  it  is  therefore  bost 
to  have  a  galvanometer  of  as  low  a  resistauee  as  possible,  or 
rather  of  a  resistance  not  exceeding  >■. 

We  proved  that  the  slider  should  he  as  near  one  end  of  A  0 
as  j>ossible.  The  end  we  can  place  it  nearest  to  must  evidently 
be  the  end  to  which  the  greatest  resistance  is  connected ;  thoro- 
fure,  whichever  value  of  r  or  G  happens  to  be  the  greatest,  at 
the  end  to  which  that  larger  value  ia  connected  should  the 
slider  be  placed,  to  commence  witli. 

In  order  to  determine  the  "  percentage  of  accuracy  attain- 
able" we  must  in  equation  [Bj  put  percentages  A,'  and  y'  for  the 
absolate  values  A,  and  c,  that  is  tti  say,  we  must  have 


F 
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in  which  case  we  get 


-[' 


.«+, 


+  '  +  ']' 


E+p  +  r 

To  eiimmarise  the  results,  then,  we  have 

Best  Conditiom  /or  making  tlie  Te»t. 


114.  The  slider  at  commenoing  Bhonld  be  aB  near  as  poesibl^B 
.  to  that  end  of  A  C  to  which  is  connected  the  greatest  of  " 
values  r  and  G.     The  value  of  A  C  ehould  be  not  less  thai 
value  of  tbe  greater  of  the  two  qnantilies  r  and  G.    K  should  he  | 
lower  than  the  greater  of  the  two  quantities  r  and  G. 

The  galvanometer  resistance  should  not  exceed  r,  and  the  ' 
deflection  should  be  obtained  at  the  angle  of  maximum  sensi- 
tiveneaa.  This  can  be  done  by  varying  K;  but  inasmuch  as  the 
latter  should  be  lower  than  r,  it  is  desirable  to  use  a  gal- 
vanometer of  Buch  aensitiveneBS  that  E  can  be  made  sufficiently 
small  without  reducing  the  deflection  too  low. 

Poesible  Degree  of  Accuraey  atlainahle. 

If  we  can  be  certain  of  the  galvancjmeter  deflection  to  a*il 
accuracy  of  -/  per  cent.,  then  we  can  be  certain  of  the  value  of  r  1 
an  accuracy,  X',  of 


-[' 


^h 


If  E,  a,  and  p  are  very  small  compared  witii  i 


115.  As  in   previous   tests,   we  should    first  determine   the    | 
value  of  r  roughly  and  thou  more  exactly  with  the  reaistanw 
properly  arranged. 

116.  We  have  hitherto  supposed  A  0  to  be  a  aMerca/»(aML-e,  but  ' 
it  is  not  absolutely  necessary  that  it  should  be  so ;  the  test  can  { 
very  well  be  made  in  the  following  manner : —  ' 

deferring  to  the  figure,  and  supposing  r  to  be  greater  than  G,  < 
let  the  resist-ances  p  and  h  be  ordinary  ones  and  both  capable  of  I 
variation,  and  let  the  resistance  a  be  done  away  with. 

Having  connected  E  to  B,  that  is,  to  the  pole  A  of  the  battery, 
plug  up  all  ihe  lesistance  in  b  and  adjust  p  and  H  till  the 
jie^ticiioa  of  maxuuum  ^^n^jitiveaBss  is  obtained  oa  the  galvano- 
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ni(>ter.  Care  miist  be  taken  that  the  adjnafment  of  p  and  R  iu 
so  isade  that  R  ie  le>8  and  p  greater  than  (i.  If  the  galvano- 
meter baa  a  snfBciently  Ligb  figare  of  merit,  there  will  be  no 
difBcnlty  in  doing  this. 

Next  shift  the  connection  of  IC  from  R  to  B,  and  prooeed  to 
adjust  b  and  p  until  the  original  deflection  ib  reproduced,  the 
adjustment  being  made  in  sncb  a  manner  that  the  same  remst- 
IB  plugged  up  in  p  that  is  unplugged  in  6 ;  then 


r 


r  =  G-t-6. 


It  mnst  be  noted  that  of  the  two  quantities  G  and  r  the  one 
which  has  the  greatest  resistance  most  be  connected  to  p  at  B. 
In  the  case  we  have  oonsidered  -we  have  Bnppoeed  that  r  wa« 
the  larger  quantity,  bnt  if  G  bad  been  the  larger  of  the  two 
the  position  of  U  and  r  would  have  bad  to  have  been  reversed, 
and  the  resislance  of  r  would  have  been  given  by  the  formula 


The  modus  operandi  of  tbe  test  would,  however,  be  precisely  the 
same  in  the  twu  cases. 

Special  sets  of  resistance  colls  are  evidently  necessary  to  make 
this  test,  as  it  cannot  be  made  with  tbe  ordinary  set  (Fig.  ti, 
page  13)  alone. 

M ante's  Method. 

117,  This  test  is  of  a  wrj  similar  nature  to  Thomson's 
method  of  determining  the  resistance  of  a  galvanometer  given 
on  page  74.  Fig.  38  shows  tbe  theoretical  method  of  making 
tbe  test. 

In  the  theoretical  6gnre,  a,  b,  and  d  are  resistances,  ;;  a 
galvanometer,  and  £  a  b<ittery  whose  resistance  r  is  required. 

A  key  >s  inserted  between  tbe  junctions  of  a  with  b  and  d 
with  r.  By  depressing  this  key  the  junctions  are  connected 
together. 

Let  us  first  suppose  tbe  key  to  be  up,  then  tbe  current  C, 
flowing  tbrongb  the  galvanometer  will  be 

E  _«  +  b_ 

i   X   a  +  b  +  3 


'  +  '  +  -1 


E(.+  t) 


e,+  'i+C»  +  y-^''  +  '), 


[IJ 
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Next  8Tippo.«e  the  key  to  be  pressed  down ;  then  the  current  Cg 
flowing  through  the  galvanometer  will  be 


C,= 


E 


a 


(  hd      .     \ 


r  + 


h-\-d 
hd 
6  +  d 


hd 


+  ^  +  « 


+  ^  +  « 


'E(h4-d)a 


g(a-{-r){J}'{-d)'\-hd{a-\'r)'^ar{b^d)' 


[2] 


Now  if  the  resistances  be  adjusted  so  that  the  deflection  of  the 
galvanometer  needle  remains  the  same  whether  the  key  is 
depressed  or  not,  then  equations  [1]  and  [2]  are  equal ;  that  is 

E  (a  +  6) 


g(a^h  +  dJ^r)  +  {a-^h){d  +  r) 


E  (6  +  «i)  a 


*"  gr  (a  +  r)  (6  +  d)  4-  fe  d  (a  +  r)  +  a  r  (6  +  d) 

Now  if  we  refer  to  "  Thomson's  galvanometer  resistance  test  " 
on  page  75,  we  can  see  that  this  equation  is  similar  to  equa- 
tion [3]  on  that  page,  with  the  exception  that  r  and  g  are 
interchanged.  It  must  therefore  be  obvious,  by  the  same 
development  of  the  equation  as  that  given  on  the  page  referred 
tOy  that 

a  d 
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118.  The  great  advantage  of  this  test  in  that  the  electro- 
motive force  of  the  battery  need  only  be  constant  during  the 
very  short  interval  of  time  occupied  in  depressing  and  raising 
the  key, 

119,  In  mating  the  teat  practically  the  connectinna  wonld  be 
made  as  shown  by  Fig.  3!).  Terminals  E  and  B'  would  \e 
joined  hy  a  short  piece  of  thick  wire  ;  the  other  connectionfi  are 
obviona. 


Is  left-hand  key  pntfl  the  galvanometer  on  ;  it  must  be  de- 
;d  and  held  permanently  down,  and  the  right-hand  key  then 
alternately  depressed  and  raised  and  the  reaistance  d,  that  is 
the  resistance  between  A  and  E,  at  the  same  time  adjusted  nntil 
the  deflection  of  the  galvanometer  needle  remains  the  same 
whether  the  key  is  up  or  down, 

130.  Again  referring  to  Thomson's  galvanometer  resistance 
teat ;  it  must  be  clear,  by  substituting  r  for  g  in  the  eq^uations, 
that  to  obtain  the 

Brit  Conditions  for  making  ike  Test, 

Make  a  as  low  as  possible  and  h  as  high  as  possible,  but  not 

so  high  that  d  when  exactly  adjusted  would  exceed  all   the 

resistance  we  oould  insert  between  D  and  E  (see  Pig.  39), 

Adjust  d  approximately  and  then,  if  necessary,  ailjust  the 

,       rseiatance  of  the  galvanometer  shunt  (which  it  will  be  neceasary 

L      to  employ)  so  that  the  final  deflection  is  as  nearly  as  possible 

tbat  of   maximum    sensitiveness,   and    then,   having   exactly 

^^^ij^Sted  d,  calculate  r  from  the  formula. 


I  value  of  r  to  a 


HANDBOOK    OP    ELECTEICAL   TESTING. 

Possible  Degree  of  Accuracy  attainable. 

we  can  determine  the  valae  of  the  galvanometer  deflection 
I  accuracy  of  y    per  cent.,  then  we  can  be  certain  of  th( 

1  accuraey  ofll  +  -)(l  +  -i)-y'  per  cent. 

121.  In   the   practical  execution  of  the  test  with  the  set 
reaistance  coils  shown  by  Fig.  39,  the  lowest  value  we  conlff. 
give  to  a  would  be  10  units,  unless  we  iraproviaed  a  resiatano*' 
of  leas  value,  which  it  might  be  necessary  to  do. 

MaSCE'S  METttOL   WITU    THE   SlIDE   WiRE   BrIDQE. 

122.  Mance's  test   is  sometimes    made   by  having  a  +b 
lide  wire  resistance,  d  beini^  a  fixed  resistance ;  in  this  case 

the  hlider  would  be  moved  along  between  A  and  C  until  the 
point  ia  found  at  which  the  depression  or  raising  of  the  iey 
makes  no  alteration  in  the  deflection  of  the  galvanometer 
needle. 

For  practically  eieonting  the  test  the  apparatus  known  ae 
the  "Slide  Wire"  or  "Metre  Bridge"  may  be  used.  This 
apparatus,  which  is  shown  by  Fig.  iO,  is  described  in  Chapter 

Fio.  10. 


on 

4 

\a0    m 


VIII.  (The  Wheatstone  Biidg«).  The  slide  wire,  a  +  b,  which 
is  1  metre  long,  is  stretched  upon  an  oblong  board  (forming 
the  base  of  the  instrument)  parallel  to  a  metre  scale  divided 
throughout  its  whole  length  into  millimetres,  and  so  plated 
two  ends  are  as  nearly  as  possible  opposite  to 
i  0  and  1000  respectively  of  the  scale.  The  ends  of 
a  are  soldered  to  a  Ibroad,  thick  copper  band,  which 
B  round  aaoh  end  of  the  graduated  scale,  and  runs  parallel 


INTERNAL    EESISTAKCE   OF    BATTEWES.  109 

to  it  on  the  Bide  opposite  to  tha  wire.  This  band  is  interrupted 
T)y  four  gaps,  at  m,.  r,  d,  and  m,.  On  eacli  side  of  tJiese  gaps, 
and  also  at  B,  C,  and  E,  arc  terminals.  In  muking  the  test 
under  conaideration.  the  gups,  m,,  and  ntj,  are  closed  by  thick 
copper  straps.  The  slider  S  makes  contact  with  the  slide  wire 
hy  the  depression  of  a  knob  on  S. 

The  battery,  r,  a  reaiHtance,  d,  and  a  galvanometer,  g,  being 
jraned  up  as  shown,  the  slider  S  is  moved  along  the  scale,  the 
knob  heing  depressed  at  intervals,  until  the  point  is  reached  at 
which  the  depression  makes  no  change  in  the  permaaeut  deflec- 
tion of  the  galvanometer  needle.  When  this  is  the  caao,  then, 
tuf  in  Thomson's  galvanometer  test  (§  87),  we  have 


''(iW^)' 


For  example. 


In  the  foregoing  test,  equilihriiim  was  produced  when  d  was 
1  ohm,  and  o,  450  divisions  ;  what  was  the  resistance,  r,  of  the 
battery  ? 

450  450 


1000  -  450         550 


=  "85  ohms. 


123.  The  be»l  etmditions  for  making  the  leU  are  similar  to  those 
required  for  "Thomson's  galvanometer  test"  (§88),  namely,  we 
should  make  d  larger  than  r,  but  not  greater  than  about  10 

As  a  rule  the  complete  slide  wire  bridge  is  furnishetl  with 
hut  four  resistance  coils  of  1  ohm  each,  so  that  the  choice  of  a 
resistance  to  insert  in  d  is  limited,  and  it  may  not  be  possible  to 
follow  out  the  rule  of  "  making  d  about  10  times  as  large  as  r." 
In  this  case  the  possibility  of  an  accurate  measurement  becomes 
proportionately  reduced  below  tlie  highest  possible  standard, 
so  that  on  the  one  hand  a  cell  whose  resistance  is  mueh  leas 
than  one-tenth  of  an  ohm,  or,  on  the  other  hand,  a  cell  whose 
resistance  exceeds  4  ohms,  cannot  be  measured  witli  llie 
highest  possible  accuracy. 

Strictly  speaking  (as  has  been  pointed  out)  in  order  to  ensure 
aecnracy  it  is  necessary  that  the  reaietance  of  the  portion  of  the 
slide  wire,  o,  be  Itss  than  the  resistance  of  the  battery  to  be 
measured ;  but  as  the  resistance  of  the  whole  length  of  the 
wire  will  not  exceed  one-tenth  of  an  ohm,  the  resistance  of  the 
length,  a,  will  practically  be  lees  than  the  resistance  of  the 
battery,  unless,  of  course,  this  resistance  is  extremely  low. 
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The  pog»ible  degree  of  accuracy  attainable  we  can  see  from  Tboi 
Bon's  gftlvauometer  test  (§  89)  must  be  given  by  the  equation 
100000 S 

^  =a-(iooo^r^)P"^''^°*- 

■where  8  is  the  degree  of  accuracy  in  (iiviaiona  to  which  the 

slider,  8,  can  be  adjusted.     If  we  can  adjust  to  an  accuracy  of 

1  division,  then  S  =  1. 

For  example. 

In  the  last  example,  what  would  be  the  degree  of  accuracy 
A',  with  which  the  value  of  r  could  be  obtained,  auppoeing  thaln 
the  position  of  the  slider  could  be  determined  to  an  accuracy  of  j 
1  division  (Sj  ? 

„        lOQOOO  X  1  _ 

~  450  (1000  -  450)  " 


■  40  per  cent. 


124.  The  facility  and  accuracy  with  which  all  the  foregoin|f 
csts   (except  the  half- deflection   test)  can   be  made   may  be 

greatly  increased  by  the  following  arrangement :  Use  a  galvano- 
meter with  a  high.  "  figure  of  merit "  (§  S2),  and  inatead  of 
malting  the  test  with  the  needle  brought  to  the  "  angle  of 
maximum  aeiiBitiveness  "  (S  27),  make  it  with  the  needle  brought 
approximately  to  zero  by  means  of  a  powerful  permanent 
magnet  set  near  the  instrument ;  under  these  conditiona  the 
galvanometer  needle  will  be  highly  Bensitive  to  any  small 
change  in  the  current  strength. 

Another  arrangement  which  may  be  very  conveniently 
adopted  ia  to  employ  a  galvanometer  with  a  high  "  figure  of 
merit,"  and  wound  with  two  wires.  One  of  these  wirea  would 
be  joined  in  circuit  with  the  battery  under  test,  &c.,  in  the 
usual  way ;  the  other  would  be  connected  in  circuit  with  a  small 
battery  and  a  set  of  resiatance  coila,  the  connections  being  ao 
made  that  the  currents  through  the  two  ooila  oppose  one  another. 
"When  the  deflection  due  to  the  battery  under  teat  ia  obtained, 
the  second  battery  and  resistance  coila  are  connected  up,  and 
then  this  battery  is  adjusted  antil  the  needle  is  brought  to  zero 
as  nearly  as  possible.  The  test  ia  then  made,  as  in  the  case 
■where  a  permanent  magnet  is  used. 

125.  In  the  case  of  Mance's  test  with  the  slide-wire  bridge, 
if  the  test  ia  made  either  by  naing  a  permanent  magnet  in  th» 
way  deacribed,  or  by  using  a  galvanometer  wound  with  a  double 
wire,  it  is  best  to  maked  as  nearly  equal  to  the  resistance  of 
the  battery  as  possible  (it  should  not  be  made  less),  as  in  thia 

li  siaae  the  slider,  S,  will  have  to  bo  set  near  the  oestre  oi 


i 
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the  6cale,  a  greater  range  of  adjuatment  is  given  to  it,  for  5 
divisions  near  the  centre  portion  of  the  scale  (600  division 
mark)  are  equivalent  to  only  1  division  near  tho  100  division 
mark.  It  is  true  the  arrangement  is  not  quite  ao  seneitive  as 
when  the  ulider  has  to  be  set  towards  the  end  of  the  scale ;  but 
still,  if  we  can  employ  a  galvanometer  with  a  high  figure  of  merit, 
this  Binall  lofla  of  sensitiveneBS  ia  more  than  compensated  for  by 
the  increased  range  which  can  be  obtained  on  the  scale. 

126.  In  order  that  satisfactory  results  may  be  obtained  ia 
any  of  tho  foregoing  tests,  it  is  very  necessary  that  the  galvano- 
meter used  be  a  "  sensitive"  one  {S  5a),  otherwise  even  a  moderate 
e  of  accuracy  cannot  be  assured. 


^^Kreeo 


Diminished  Deflection  Direct  Method. 


127.  This  method,  which  haa  been  generally  described  in 
Chapter  I.  (§  6),  ia  as  IbUows  ;— 

The  battery  whose  resistance,  r,  is  required,  a  galvanometer 
of  resistance,  G,  and  a  resistance,  p,  are  joined  up  in  simple 
circuit ;  the  deflection  obtained  is  noted.  Let  this  deflection  be 
due  to  a  current,  C„  then  calling  E  the  electromotive  force  of 
the  battery,  we  have 

^'  =  r-i-G+p-    ^'"'    C,(r  +  G)  +  C.p  =  E. 

The  resistance,  p,  is  now  increased  to  If,  so  that  a  new  deflection 
due  to  a  current,  Ca,  is  produced,  then  we  have 

C..       ,   ,^,    „.     or,      C.(r  +  G)  +  C,E.E: 


C,('+G)+C,p=  0,(r  +  G)+C,K, 
(r+G)(C, -C,)-  0,  H-C,  f; 
C,R-C,, 

C.  11  -  O,  f      . 


[A] 


f  a  tangent  galvanometer  is  employed  for  making  the  test, 
k'if.tne  dabections,  i),  and  d,  axe  read  from   tue  (anient 
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Hoale  of  tlie  instrument,   those    deflections 
Bubetituted  for  the  quantitieB,  Ci,  Cj,  for 

can 

be 

directl 

J}  :  d  ::  C,  :  C; 

inthi 

B  case,  then,  wo  have 

dR-Dp 
'          I>-d         ^- 

[B] 

1 


(1.)  For  eteample. 

With  a  tangent  galvanomefer  whoso  reaiataDce  was  10 
ohms  (G),  and  a  battery  whose  resistance,  r,  was  required,  a 
deflection  of  60  divisions  (D)  on  tho  tangent  scale  of  the  instru- 
ment was  obtained,  when  a  resistance  of  10  ohms  (p)  was  in 
circuit ;  when  the  latter  resiBtance  was  increased  to  230  ohms 
(H)  the  deflection  was  reduced  to  20  divisions  (d).  What  w^^ 
the  retaatance  of  the  battery  ?  fl 


20  X  230  -  60  X  10 


10  =  90  ohms. 


If  the  readings  are  made  from  the  degreee  scale,  then  we  must 
substitute  the  tangents  of  the  deflectiouB  for  the  deflections  thenX' 
selves  i  the  formula  then  becomes 


taniJ^E  —  tan  D°  p  _ 
"  "tan  "D°^"tan>~  ~  '-^J 


(2.)  For  example. 

In  a  meaaiircment  similar  to  the  foregoing  the  readings 
made  Irom  the  degrees  scale  of  the  galvanometer,  and  deflections 
of  50°  (D°)  and  21J°  ((f)  respectively  were  obtained  with  re- 
sistances of  10  ohms  (p)  and  229  ohms  (E)  in  the  circuit.     The 
resistance  of  the  galvanometer  was  10  ohms  (G).    What 
resistance,  r,  of  the  battery? 

tan  50°  =  1-1918,     and,     tan  21  J°  =  -3990, 


ms 
re- 
'he 

1 


L28.  If  in  equations  [B]  and  [C]  we  have  p  =  0,  that  is  to 
eaj',  if  WQ  juake  the  teat  bj  having  at  first  no  ceatstaace  in  th« 


=«D3a-« 

[D] 

tan  J             (J 

[E] 

tan  D  -  Und 
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circuit  except  that  of  the  gal vauo meter  anil  the  battery  itself, 
then  wQ  get 


=  E 


129.  In  order  to  dotermino  the  "  Beat  conditionB  for  making 
the  test,"  and  also  the  "  Possible  degree  of  accuracy  attainable," 
let  us  write  equation  [A]  in  the  form 

__   C.(B+Q)-C.(p  +  G) 
C,  -  C, 

How  this  equation  is  similar  to  equation  [B]  (page  83)  in  the 
"Diminished  deflection  direct  method"  of  determining  the 
reeutance  of  a  galvanoiaeter,  except  that  in  the  latter  method 
we  have  the  quantities  K  and  p  in  the  place  of  the  quantities 
(R  -|-  G)  and  (p  -f-  G) ;  consequently  we  can  at  onoe  see  from  the 
mvestigation  in  the  test  referred  to  that  we  must  have — 


Bat  Conditions  for  making  the  Tetl. 

130.  Hake  p  as  small  as  possible. 

Make  R  of  such  a  value  that  when  the  deflections,  D,  d,  a 
n  divieioai,  then 


ipproximately ;  and  when  the  deflections  are  in  degrees  on  a, 
tangent  galvanometer,  then 

,       J,       tan  D° 

ipproximattly. 
'  PoMtble  Degree  of  Accuracy  allainahle. 

I  If  the  deflections  are  in  dimsions,  and  if  we  can  read  their 

I      value  to  an  accuracy  of  -ih  of  a  division,  then  we  can  determine 


tllfl  value  of  r 


accuracy,  X', 
;;(D  +  d)100 
d  (D  -  d) 


(i  +  e±«) 


per  cent. 
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If  the  deflectiona  are  in  degrees  on  a  tangent  galvanometei 
then  if  we  can  read  their  valne  to  an  accuracy  of  i,th  of  i 
degree,  we  can  determine  the  ■value  of  G  to  an  accuracy,  X',  of 
(tan  D°  ^^  -  tan  (f  S,)  100  /,    ,    p  +  G^ 


where 


tand°(tanD=-t«ni°)    (^  +  ^)  P"''  **"*■ 


I,  =  tan  D-"  -  tan  D°,    and,    8,  =  tan  di"  -  tan  d°. 

DiMiHiSHED  Deflection  Shdst  Method. 


131.  This   method  is   shown  ty  Fig.  41.     The  battery,  r, 

whose  reeiatance  is  to  he  determined,  is  joined  np  in  circuit  with 

a  resistance,  E,  a  galvanometer,  G,  and 

FiQ.  41.  a  shunt,  8, ;    the  deflection  obtained   is 

f,  noted;  let  this  deflection  be  due  to  a  our- 

1  [i  Li  Ij  [  rent  Ci,  then  calling  E  the  electromotive 

^     I  |H  |l  p  I    --N^    force  of  the  battery,  we  have  (page 


( 


"■■CB,  +  a  +  G)  +  S,(E  +  G) 


■  (3,  +  B  +  G)  +  0, 3,  (B  +  O) 


i 


The  resiatance  of  the  shunt  is  now 
reduced  to  Sj,  so  that  the  galvanometer 
deflection  is  also  reduced ;  let  this  new  deflection  be  due  to  a 
current  C„  then  we  must  have  J 

Cl.f(3.  +  R  +  G)  +  a8.(R  +  G)  _^_  ■ 

S,  =^.  ^ 

tkeTefore 

C.r(S,+H+G)  +0,9,  (B+G)      C,r(S,+B+  G)  +  C,5,  (H+G) 

S,  "  S.  ' 

that  ifi, 


i'[0,S,(S,+B+G)-0,S,(S,+B+G)]  = 
from  wliioli  we  get 


i,S,(E  +  G)(C,-0 


S|S,(E  +  G)(C|-C,) 

■  C,S,  (S,  +  E+ G)  -  O.S,(3.  +  E  +  G)' 


INTERNAL    EESISTANCE    OP   BATTERIES. 


^•(s;+e  +  g)"^'(s;  +  r  +  &) 


[A] 


D-d 


In  tte  case  of  a  tangent  galvan-ometer,  if  the  deflections,  D 

Ed,  are  read  from  the  tangent  scale,  then  wo  elioald  have 
•) 


<k+sh)-''Q+shi) 


m 


1.)  For  example. 


With  a  tangent  galvanometer  whose  resistance  was  10  ohms 
(G),  and  a  battery  whose  resie-tance,  r,  waa  required,  we 
obtained  with  a  shunt  of  200  ohms  (S,),  a  deflection  of  60 
divisioES  (D)  on  the  tangent  scale  of  the  instrument ;  when  the 
shant  was  reduced  to  25  ohms  (Sj)  the  deflection  was  reduced  to 
20  divisions  (d).  The  resistance,  E,  was  710  ohms.  What  was 
the  resistance  of  the  battery? 


-20 


(25  +  710  +  lo)-^''(2< 


=  90  ohma. 


710  +  10/ 


If  the  deflections  are  read  in  degrees,  then  in  equation  [B]  w< 
rnnat  suhstitute  tan  D°  and  tan  d"  for  D  and  d  respectiyely,  wi 
then  get 

tan  D°  —  tan  if  r-,n 


tan  (f 


'  1 


E+U  ^ 


E+U 


tanD°l 


:  + 


e  +  gV 


(2.)  For  en^mple. 

In  a  measurement  similar  to  the  foregoing  the  readings  were 
made  from  the  degrees  scale  of  the  galvanometer,  and  deflections 
of50°(D°)and  21f°fi°),  respectively,  were  obtained.  Thevalues 
of  S„  8„  K,  and  G  were  200,  25.  655,  and  10  ohms,  respectively. 
What  was  the  resistance,  r,  of  the  t-  "-■ —  " 
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therefore 

^  ^  ^ 1-1918-  -3990  _ 

■     -3990^1+         ^        Vl-1918fJ-+         ^        V 
1^  25  ^  655  +  10/  V2OO  ^  665  +  IQJ 

132,  If  we  make  the  test  by  having  no  shunt  inserted  when 
the  first  deflection  is  observed,  that  is  to  say,  if  we  have 
S|  =  00  ,  or,  -J-  =  0,  then  eqiiBtion  [B]  becomes 


hms. " 


Is,  +  H  +  gJ  ~  K  +  G 


and  equation  [C] 


tan  D°  -  tan  (F 

1     \      tenD°" 


Vs.      U  +  a'     K  +  G 
Further  still,  if  we  make  E  a  very  high  resistance,  that  is,  if 
in  equations  [D]  and  [E]  we  make  ~-  =  0,  then  we  get  the 

simpUflcatione 


ytaiiD° 


LG] 


le 

1 


133.  If  we  refer  to  the  "Diminished  deflection  shunt  method" 
of  determining  the  reBistance  of  a  "  galvanometer  "  we  can  see 
that  equation  [A]  (page  20)  in  that  test  is  almost  precisely 
similar  to  equation  [A]  (page  115)  of  the  present  test,  the  only 
difference  being  that  in  the  latter  we  have  - 


KG 


3  the  plac 


Best  Condilio'og  far  maiing  ike  Test. 
Malte  Si  and  E  as  largo  as  possible. 

Slake  Si  of  such  a  value  that  when  the  deflections,  D,  d,  are  in 
divistoiia,  then 
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approiimately ;  and  wlien   the  deflectionB  are  in  degree*  ( 
tangent  galvanometer,  then 

tanD' 


tan  J"  =  - 
roximately. 


^^M  PoMible  Degree  of  Ac^^raci/  attaintAh, 

^^HIF  the  deflections  ore  in  dwigiom,  and  if  we  can  road  their 
^^Uqo  to  an  acciiraoj'  of  ^th  of  a.  division,  then  we  can  deter- 
^^^ptie  the  valne  of  r  to  an  aconracy,  X.',  of 

^V        h  i^  +  ^wo  r^  ,    f  1    ,     1     a 

^'  =  V(D— df—  L  +   U.  +  hTg  )J  ^'  ''""■ 

If  tlie  deflections  are  in  degree*  on    a  tangent  galvanometer, 

then  if  we  can  read  their  valuo  to  an  accuracy  of  ;;th  of  a 

degree,  we  can  determine  the  valne  of  r  to  an  accuracy,  \',  of 

^  (tan  P°  8,  + tan  J- 8,)  100  ft  +  ,  f  1  +  _l_  \-|percent. 
tajnr(tanl/'-tand°)  [    ^     U,       E  +  gJJ*^ 

where 

^^^L       8|  —  tanD^"— tanD°,  antl,   S,  =  tan  d^°  —  tan  ri°. 

^^"134.  In  all  the  foregoing  testa  it  is  very  neceaaary  that  the 
galvanometer  Tieed  be  a  highly  sensitive  one  (page  48),  other- 
wise even  a  moderate  degree  of  accuracy  cannot  be  obtained. 

135,  Other  methods  of  measuring  the  reaietanoe  of  batteries 
will  be  referred  to  hereafter  (see  Index) ;  these  methods  involve 
principles  which  have  not  yet  been  discussed. 
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CHAPTEE  VII. 

MEASTJBEMENT  OF  THE  ELECTROMOTIVB  FOEOE  OP 


'  comparing  the  electro-  | 
5  thaa  any 


136.  The  methods  of  measuring  c 
motive  forces  of  batteries  are  perhaps 
other  class  of  measuremeDts. 

Although  no  absolute  standard  of  the  unit  of  eJeofTomotive 
force  (the  volt)  exists,  yet  there  are  aeveral  standards  of  known  , 
value  with  which  comparisons  may  be  made. 


STANDARD  CELLS. 


3  CELL. 


WHEATSTONirS 

137.  This  consists  of  an  outer  vessel  containing  a  saturated 
Bolution  of  Bulphato  of  copper ;  into  this  is  placed  a  porous  cell 
about  2  inches  high,  containing  meraury  with  a  few  scraps  c€M 
zinc  diaaolved  in  it ;  a  cylinder  of  copper  is  placed  in  the  coppetf"^ 
solution,  and  connection  is  made  with  the  zinc  amalgam  by  g 
copper-wire  dipping  into  it. 

These  cells,  although  not  Bailable  for  continued  use,  can  De 
relied  ujjon  to  give  a  perfectly  constant  current  for  half  an 
hour  or  so,  in  fact,  for  quite  a  sufficient  time  to  eoabla  any 
ordinary  tests  to  be  made ;  also  the  electromotive  forces  t  ~ 
any  two  of  such  cells  may  practically  be  relied  upon  as  bein 

The  porous  tubes  in  these  cells,  after  use,  should  ho  throw 
into  nitric  acid  for  a  short  time,  so  as  to  dissolve  any  coppeJ-"* 
which  may  have  become  deposited  in  their  pores ;  they  mnst 
next  be  washed  in  water,  and  will  then  be  ready  for  use  again. 
The  amalgam  can  be  used  over  and  over  again. 

The  electromotive  force  of  a  Wheatstone  cell  is  approximately™ 
1-079  volte.  ' 

TOST  OFFICE   STANDARD  CELL. 

138.  A  eeotional  view  of  this  cell  is  shown  by  Fig.  42. 
The  cell  le  formed  with  three  chambers ;  in  the  left-hand  one 

is  placed  a  zinc  plate,  Z,  immeraod  in  water,  and  in  the  right- 
Jiaad  one  is  placed  a  flat,  porous  pot,  C,  contaiaing  a  copper 


i 

ed 

n  be 

f  an 
any 

TOW^^I 

jppeJ-"^ 

ist 
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plate  and  Bulphate  of  copper  crystals,  the  pot  being  kept 
iiuiuersed  in  water.  The  two  chamberB  are  called  "  idle  '  celu, 
B  and  porous  pot  are  kept  in  them  when  the 


The  centre  chamber  contains  a  BBmi-satnrated  solution  of 
sulphate  of  zinc,  and  a  piece  of  zinc  rod,  z,  the  latter  lying  in 
a  small  compartment  at  the  bottom  of  the  chamber. 

When  tho  cell  is  required  for  use,  the  zmo  plate  and  the 
porous  pot  and  its  contents  are  removed  from  their  idle  compart- 
ments and  placed  in  the  centre  chamber  ;  tho  eel)  is  then  ready 
for  work.  When  the  cell  is  no  longer  required  for  use,  the  zinc 
plate  and  porous  pot  are  again  placed  in  their  respective  idle 
ohamhers,  and  whilst  the  ceil  ia  at  rest  any  sulphate  of  oopper 
solution  which  may  have  become  mingled  with  the  sulphate  of 
zino  solution  in  the  centre  chamber,  has  its  copper  decomposed 
and  deposited  on  the  zino  rod  ;  thus  the  solution  is  always  kept 

When  in  thoroughly  good  condifion  this  form  of  cell  has  an 
electromotive  force  of  1'079  volt«  approximately,  but  if  it  is  in 
daily  use  the  power  is  practically  a  little  less  than  this ;  in 
the  Postal  Telegraph  Department  the  value  is  assumed  to  be 
1-07  volts  aa  being  generally  nearer  tho  actual  value. 

Although  the  foregoing  cell  will  last  for  a  considerable  time 
without  attention,  yet  it  must  not  be  imagined  (as  often  seems 
to  he  the  case)  that  it  will  keep  up  its  power  for  an  indefinite 
A£toi  B  oertain  time,  to  be  judged  by  experienoe,  all  ita 
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oonstitnent  parts  should  bo  thoroughly  cleaned,  the  zino  plate 
and  rod  eoraped,  &o. 

39.  The  Wheatatone  and  Post  Office  standard  cells,  although 
they  cannot  be  relied  upon  for  estromo  accuracy,  are  sufEciently 
correct  for  most  purposes,  and  "they  have  the  advantage  (which 
is  common  to  all  batteries  on  the  Daniell  principle)  of  not  losing 
their  power  materially  when  worked  through  a  low  resiatanoe. 

Practically,  upon  an  emergency  any  form  of  Daniell  cell  may 
X  used  as  a  standard,  the  zinc  plate  being  immersed  in  a  eemi- 
Baturated  solution  of  sulphate  of  zinc,  and  the  electromotive 
force  being  taken  as  1'079  volts, 

clark'b  standard  CShh. 

140.  A  cell  is  formed  by  employing  pure  mercury  as  the 
negative  element,  the  mercury  being  covered  with  a  paste  made 
by  boiling  mercuroos  sulphate  in  a  thoroughly  saturated  aolu- 
tioQ  of  zino  sulphate;  the  positive  element  conjsista  of  pure 
distilled  zinc  resting  on  the  paste. 

The  best  method  of  forming  this  battery  is  to  dissolve  pure 
zinc  bulphate  to  saturation  in  boiling  distilled  water.  When 
cool,  the  solution  is  poured  off  from  the  crystals  and  mixed  to  a 
thick  paste  with  mercurous  sulphate,  which  is  again  boiled  to 
drive  off  any  air  ;  this  paste  ia  then  poured  on  to  the  surface  of 
the  mercury,  previously  heated  in  a  suitable  glass  coll ;  a  piece 
of  pure  zino  is  then  suspended  in  the  paste,  and  the  vessel  may 
be  advantageously  sealed  up  with  melted  paraffin  wax.  Contact 
with  the  mercury  may  be  made  by  means  of  a  platinum  wire 
passing  down  a  glass  tube,  cemented  to  the  inside  of  the  cell, 
and  dipping  below  the  surface  of  the  mercury,  or  more  conve- 
niently by  a  small  external  glass  tube  blown  on  to  the  oell,  anjl 
opening  into  it  close  to  the  bottom.  The  mercurous  sulphate 
can  be  obtained  commercially  ;  but  it  may  be  prepared  by  dis- 
solving pure  mercury  in  excess  in  hot  Hulphurio  acid  at  a 
temperature  below  boiling  point.  The  salt,  which  is  a  nearly 
insoluble  white  powder,  should  be  well  washed  in  distilled  vfater, 
and  care  should  be  taken  to  obtain  it  free  from  the  merourio 
sulphate  (persulphate),  the  presence  of  which  may  he  known 
by  the  misture  turning  yellowish  on  the  addition  of  water. 
The  careful  washing  of  the  salt  is  a  matter  of  essential  import- 
ance, as  the  presence  of  any  free  acid,  or  of  persulphate, 
produces  a  considerable  change  in  the  electromotive  force  of 
the  cell. 

These  standard  cells  are  known  to  give  a  perfectly  uniform 
•  ■^ootrotaotiYe  foroeof  l'i57  volts  for  over  a  year,  provided  " 
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ftre  not  worked  through  a  low  reBJutanoe,  It  is  neoeaaary,  there- 
fore, in  employing  them  to  take  care  that  they  are  only  used  in 
circuits  of  very  high  reeiatance,  ur  for  charging  a  condenaer, 
or  are  balanced  by  a  aecond  battery,  as  in  Clark's  elogtromotive 
(psge  158}. 


FiQ.  43. 


DE  LA  EPES  CHLORIDE  OF  SILVER  CELL. 

141 .  The  Chloride  of  silver  cells  of  Mr.  Warren  do  la  Rue  are 
said  to  be  remarkably  well  adapted  for  standard  elements. 
They  will  bear  a  oiinaiderable  amount  of  agita- 
tion without  their  electromotive  force  being 
varied. 

Fig.  43  shows  one  of  these  cells.  A  is  a  glass 
vessel  closed  by  a  stopper  of  pjirafBn  wax.  The 
positive  element  consists  of  a  cylindrical  rod  e 
of  chemically  pure  zinc.  The  negative  element 
ia  a  cylinder  B  of  chloride  of  silver,  having  a 
silver  electrode  b  cast  into  it.  This  cylinder  ia 
usually  enoloaed  in  a  bag  of  thin  parchment 
paper.  The  solution  for  charging  the  cell  is 
made  by  dissolving  23  grammes  of  pure  sal- 
ammoniac  in  one  litre  of  water. 

The  electromotive  force  of  the  chloride  of 
silver  cell  is  1  ■  068  volts. 

As  ia  the  case  of  Clark's  cells,  the  De  la  Rue 
battery  nhen  used  s 
ft  low  resistance. 


1  standaid  must  not  he  worked  through 


Electromotive  Force  Measdhements. 
142.  To  measure  the  electromotive  force  of  a  battery,  we  have 
to  compare  it  with  a  standard  of  one  or  more  cells,  and  having 
thus  ascertained  the  relative  values  of  the  two,  the  electro- 
motive force  of  the  battery,  in  volts,  Is  obtained  by  an  ordinary 
proportion  sum. 

For  example. 

The  relative  electromotive  forces  of  a  batteiy  and  3  standard 
I  cells  was  found  to  be    as  1" 25  to  I;   what  was  the 
sotromotive  force,  in  volts,  of  the  battery? 
1-25  :  1  ::  3  X  l-079:x; 


4 


ix 


3_x  1-079 
1-25 


2-59  volts. 
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Equal  Eesistance  Mgtuod.  ^| 

143.  Let  there  be  two  batteries,  whose  electromotive  forcea  ^H 
E.    and  E.   are   tn  be  CMmnared.     Join  iin  batterv   E.   with  &     ^* 


I 


and  E,  are  to  be  compared.     Join  up  battery  Ej  with  a 
tangent  galvanometer  and  resistance  in  simple  circuit,  as  shown 
by  Fig.  36  (page  96).     All  the  plugs  between  A  and  C  being 
mseitad,  the  infinity  plug  between  A  and  D  being  remoYed, 
and  the  connections  being  made,  depress  the  right-hand  key, 
and  remove  a  suiEcient  number  of  plugs  from  between  D  and  E 
to  obtain  a  convenient  defleciion  on,  say,  the  tangent  scale  of 
the  galvanometer.     Note  this  deflection — let  it  be  d,  divisions ; 
and  also  note  the  total  resistance  (It)  in  circuit — that  is,  the 
resistance  between  D  and  E,  plus  the  resistance  of  the  galvano- 
meter, plus  the  resistance  of  the  battery  (which  must  be  det«r- 
mined  beforehand).    Now  remove  battery  E,  and  insert  battery 
Ej  in  its  place,  and  if  this  battery  has  a  different  resifltanco  to 
E„  readjust  between  D  and  E  eo  that  total  resistance  in  circuit  I 
is  the'same  as  it  was  at  first.     Again  note  the  deflection  of  the  T 
galvanometer  needle — let  it  be  d,  divisions.     Then  if  Ci  be  the  1 
current  producing  the  deflection  d,,  and  C,  the  current  produo-  j 
ing  the  deflection  d,,  we  must  have  by  Ohm's  law  (page  1), 

C.=|!,    and,     C.=^-, 


or  since  d^  and  dg  are  directly  proportional  to  Ci  and  Ca,  we  must  I 
E.  :  E,  : :  d,  :  <!,. 

I       For  example. 

With  a  tangent  galvanometer,  whose  resistance  was  1 00  ohms, 
and  battery  E„  whose  resistance  was  70  ohms,  we  obtained, 
withareaistanceof  1830  ohms  (total,  100 -|- 70  +  1830  =  2000), 
in  the  resistance  box,  a  deflection  of  50  divisions  on  the  tangent 
scale  of  the  galvanometer ;  and  with  battery  Ej,  whose  resist- 
ance was  50  ohms,  we  obtained,  with  a  resistance  of  1850  ohms 
(total,  100  +  50  -f-  1850  =  2000,  as  before),  in  the  resistance  | 
bos,  a  deflection  of  40  divisioos;  then 

E,  ;E,  ::  50  :  40, 
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If  (ie  deflectionB  are  read  on  tte  degrees  scale  of  the  tangent 
galvanometer,   then  d,   and   <ij  muet   be  the   tangents  of  the 


In  cases  where  the  resistances  of  the  batteries  whose  electro- 
motive forces  are  to  be  compared  are  very  small,  we  may,  by 
naing  a  very  high  resistance,  practically  regard  the  total  resist- 
ance in  circuit  as  being  the  same,  whatever  battery  we  use.  The 
deflections  then  obtained  with  an  y  nnmher  of  different  batteries 
will  represent  their  comparative  electromotive  forces.  The 
galvanometer  will,  in  this  case,  of  course  have  to  be  one  with  a 
bigh  figure  of  merit. 

144.  The  "  Best  conditions  for  making  the  test,"  and  the 
"  Possible  degree  of  accuracy  attainable,"  are  almost  obvious ; 
they  are 

Best  Conditions  for  making  the  Teat. 


t  Make  the  resistanoee  in  the  circuits  as  high  as  possible. 

Possible  Degree  of  Aceuraey  attainahh. 


^^^^  If  we  can  be  certain  of  the  valne  of  the  two  deflections  to 
^^^■Bonracies  of  &\  and  S',  per  cent,  respectively,  then  we  can 
^^Kb  eertaia  of  the  relative  values  of  the  two  electromotive  forces 
^^■o  an  accuracy  of  &',  +  S',  per  cent. 


EqoAL  Deflection  Method. 


145.  Join  np  as  in  last  method,  and  having  noted  the  deflec- 
tion and  total  resistance  in  circuit  (Bi)  with  battery  Bi,  remove 
it  and  insert  battery  E,  in  its  place.  Now  readjust  resiHtance 
between  D  and  E,  nntil  the  deflection  of  the  galvanometer 
needle  becomes  the  same  as  it  was  at  first.  Note  the  resistance 
in  circuit  (B,)  ;  then  calling  C  the  current, 


E, 


and,    C 


or  the  electromotive  forces  of  the  batteries  are  directly  as  the 
total  resistances  that  are  in  circuit  with  the  respective  batteries. 

For  examph. 

With  a  galvanometer  whose  resistance  was  100  ohms,  and  a 
battray  £,  whose  resiatiuioe  was  50  ohms,  we  obtained,  with.  a. 
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resistance  of  2350  ohms  (total,  100  +  50  +  2350=  2500). 
the  reBiBtanoe  boi,  a  deflection  of  40°  ;  and  with  a  battery  E^ 
whose  reBiBtance  was  70  ohme,  it  waa  necessary,  in  order  to  ] 
bring  the  galvanometer  needle  again  to  40°,  to  have  a,  resist- 
ance of  1830   ohms  (total,  10O+  70+  1830  =  2000),  in  the    \ 
resistanoe  box ;  then 

E,  :  E.  : :  2500  :  2000, 
or  as  5  :  4. 

An  advantage  in  this  test  liee  in  the  fact  that  it  can  be  made 
■  'with  a  galvanometer  the  relative  values  of  whose  deflections  j 
I  are  nnknown. 

The 

Best  Cortdilione  for  mailing  the  Test 
\  and  the 

Pomble  Degree  of  Accaract/  attainable 

I  are  the  same  as  in  the  last  tcBt- 

WiEDEMANK'a  Method. 

14S.  In  Fig.  3G  (page  96)  join  the  zinc  pole  of  battery  Ei  to  ' 
t,  as  shown,  and  the  other  pole  to  the  zino  pole  of  battery  E^ 
ffhose  other  pole  in  turn  ia  to  be  joined  to  C.  Adjnst  the 
«sistauce  eo  aa  to  obtain  a  high  deflection  on  the  tangent  scale 
of  the  galvanometer — let  the  current  producing  this  deflection 
■  e  C ;  then  J 

0  =  ^.  ^ 

where  E  is  the  total  resistance  in  the  circuit.  Now  reverse 
battery  E,  (the  weaker  one)  bo  that  the  two  oppose  one  another, 
— we  shall  then  get  a  smaller  deflection  due  to  a  current  C, ; 
then 


'   Prom  these  two  equatio 


E 
eget 


E,0-E,C  =  EiO,  +  E,0„ 
that  is, 

E,  :  Ej  :  1  C  +  C,  ;  C  -  C„ 

or,  snbatitating  deflections  d,  d„  for  current  strengths  C,  0,, 
E,  :  E,::<{  +  <i,  :<l-(i,. 
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^H     For  example.  H 

^^V     IVo  liatteries  E,  and  £,  being  joiaed  up  together  in  simple     ^M 

^^"  circuit,  we  obtained,  by  adjusting  the  resistance  in  reaietance 

bos.  a  deflection  of  72  divieions  (rf)  on  the  tangent  scale  of  the 

galvanometer ;    and   with   the    same  resistance   in   circuit   we 

obtained,  on  reversing  battery  E^  a  deflection  of  8  diviaions  (d,) ; 

I  then  ^H 

E,  :  i;^  ; :  72  +  8  :  72  -  8,  ^M 

or  as  80  :  64,  ^M 

that  is,  as  1-25  :  1.  ^M 

If  the  deflections  are  read  on  the  degrees  scale  of  a  tangent  ^M 
Kalvanometer,  then  d  and  d,  must  be  the  tangents  of  the  ^M 
deflections.  ^M 

147.  In  order  to  make  the  test  as  accurately  as  possible nnder  ^U 
the  last  conditions,  the  resistance  In  the  circuit  should  be  so  ^U 
adjusted   that  the  two  deflections  make  aonroxiraatelv  eouaJ      ^ 


adjusted  that  the  two  deflections  make  approximately  equaJ 
angles  on  opposite  aides  of  45°  (§  31,  page  36).  The  more 
resistance  it  is  possible  to  place  in  the  circuit  of  the  batteries 
the  better,  since  the  tendency  of  the  latter  to  polariee  is  thereby 
reduced  to  a  minimum. 

148.  Wiedemann's  method  ia  a  very  satisfactory  one  since  it 
ia  absolutely  independent  of  tha  resistance  of  the  two  batteries, 
thus  one  battery  might  have  a  resistance  of  a  fraction  of  an 
ohm  only  and  the  other  a  resistance  of  several  thousand  ohms, 
yet  this  will  in  no  way  affect  the  correctness  of  the  results,  but 
to  avoid  errors  due  to  polarisation  it  is  necessary  with  some 
batteries  to  include  several  thousand  ohms  in  the  circuit ;  if  the 
galvanometer  used  bo  one  with  a  high  hguio  of  merit  this  can 
always  be  done. 

149.  The  "  Possible  degree  of  accuracy  attainable  "  in  making 
the  teat  is  greatly  dependent  upon  the  relative  values  of  the  two 
eleotromoiive  forces.  Let  us  lirst  suppose  that  the  deflections 
are  read  in  dimsions,  and  let  us  suppose  that  there  is  a  possible 
error  S  in  both  deflections.  Now  if  we  take  both  errors  to  be  of 
similar  signs,  then  wo  should  have  a  total  absolute  error  of  2  S 
in  the  quantity  (d  -f-  d,),  but  if  one  error  were  plus  and  the  other 
minns,  then  we  should  have  a  total  absolute  error  of  2  8  in  the 
qnantity  (d  —  d,).  But  the  latter  quantity  must  bo  smaUer 
than  (d  -}-  d,),  thorefore  an  absolute  error  2  S  in  its  value  must 
represent  a  greater  percentage  error  in  the  relative  values  of  Ei 
and  "El  than  would  be  the  case  if  the  same  absolute  error  were 
m  (d  -|-  d,).    As  we  must  assnmte  the  resultant  error  to  be  thej 


I 
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greatest  possible,  we  mnst  tHerefore  take  the  error  2  3  to  be  in 
the  quantity  (d  —  d,). 

Let,  then,  X  be  the  error  in  the  relative  valnes  of  E^  and  E,, 

E 
that  is  in  ^ ,  cansed  by,  say,  an  error  8  in  (2,  and  an  error  —  8 

in  d,^  then  we  have 

E,  __         (d  +  S)  +  (d,-^S)  _       d  +  d, 
E,  ((i4.8)»(d, -8)~  d^d,  +  2B' 

therefore 

E,  "d[-d,  +  28""  d^ra;      d  -  d,  +  2  8 

^  28(d  +  d,) 

(d-d,)(d-d,  +  2  8)' 

or  since  2  8  is  very  small  we  may  say 

28(d+J,) 
^-Jd^df 

If  we  put  the  percentage  for  the  absolute  value  of  X,  that  is  if  we 
have 


then  we  get 


that  is  to  say 


100      E,      100  ^  d  -  d, ' 

V       d  +  d,  _  2  8(d  +  d,) 
100^  d-d,  "    {d-'d^y    ' 


v.|ii».  w 


Far  example. 

In  the  example  given  on  page  125  the  deflections  could  each 

be  read  to  an  accuracy  of  J  of  a  division ;  what  was  the  degree 

El 
of  accuracy  with  which  the  value  of  =-  could  be  determined  ? 
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I                            .,        2  X  i  X  lOO          „  ^ 

I                           ""  -    yg  _  a     -  =  -78  per  cent.  ^B 

f  d,  is  email  compared  with  d,  then  ^^^^^^^| 

We  can  see  from  equation  [A]  that  unlesa  d,  is  small  compared 
with  d,  the  aconracy  with  which  the  teat  can  be  made  will  be 
hot  small ;  for  if  d,  approaches  in  value  to  d,  then  d  —  d, 
becomes  very  small,  that  is  A.'  becomes  large.  In  order  that  d, 
may  be  as  mnch  smaller  than  d  as  possible,  E,  and  £,  must  be 
as  nearly  equal  as  possible ;  the  test  therefore  will  not  be  a 
eatisfactoiy  one  nnlesa  ench  is  the  case. 
If  d,  is  small  compared  with  d,  then 


2  5100 


or  if  we  put  the  percentage  instead  of  the  absolute  value  of  5 
that  is  if  we  have 


then  wB  get 

A.'  =  2S', 

BO  that  under  the  best  conditions    for   mating   the  test  the 

accuracy  with  which  the  value  of  — '  could  be  determined  would 

be  but  one-half  the  accuracy  with  which  the  higher  deflection 
oonld  be  observed. 

150.  To  determine  the  degree  of  accuracy  attainable  in  the 
case  where  the  readings  axe  made  from  the  degrees  scale  of  a 
tangent  galvanometer,  we  must  in  the  preceding  investigation 
sulffititate  tangents  for  divisions  of  deflection.     Thus  we  have 
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If  in  this  equation  we  put 

4.      /JO  ,   5o\      tan  (f  +  tan  8° 
^{^  +  ^)=    i_^tany 

and 

^      ^.        tancT  -  tan  8° 
**^(^"^)  =  l  +  tand°tan8°' 

we  get 

__  2  tan  8°  [(tan  (P  +  tan  d,°)  (1  +  tan  d!°  tan  (l,°)  +  X] 
^^  (tan  d°  -  tan  d°)  (tan  d°  -  tan  d°  +  Y) 

where  X  and  Y  are  a  number  of  factors  of  tan  8°.  But  since 
tan  8°  is  very  small,  we  may  put  X  and  Y  equal  to  0,  in  wliich 
case  we  have 

2  tan  8°  (tan  d""  +  tan  <)       1  +  tan  cT  tan  d,° 
tan  (T  -  tan  d,°  ^    tan  cT  -  tan  d° 

2  tan  8°  (tan  (T  +  tan  J,°)       1 


tan  d^  -  tan  d,°  ^  tan  (d°  -  d,°) 

If  we  put  the  percentage  for  the  absolute  value  of  X,  that  is,  if 
if  we  have 

V_    ^  ^i  _  ^      tan  d°  +  tan  d,° 
"  iOO      Ea  "  100  ^  tan  d°  -  tan  d,°  ' 

then  we  get 


_  2  tan  8°  100 

"  tan((r^O'  '-   -^ 


For  ea;ampZe. 


In  comparing  the  electromotive  forces  of  two  batteries  by 
Wiedemann's  method,  the  deflections  obtained  on  the  degrees 
scale  of  a  tangent  galvanometer  were  71°  and  18°  respectively ; 
what  were  the  relative  electromotive  forces  of  the  batteries,  and 
what  would  have  been  the  degree  of  accuracy  with  which  the 

E 

yalue  of  —  could  be  determined  ?    The  value  of  the  deflections 

could  be  read  to  an  accuracy  of  i°. 

El  :  E, : :  tan  71°  +  tan  18°  :  tan  71°  -  tan  18°, 
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that  ia,  as 


^ 


■■3249    to    2-9042  --3249, 
1-25  to  1: 


2  X  tan  y  X  100  _  2  X  -4363 

'    tan  (71" -18°)'"      1-3270 


■  65  per  cent 


Like  equation  [A]  (page  136),  equation  [B]  shows  that  unless 
d°  ia  small  compared  with  cP,  the  test  cannot  be  made  with  a 
high  degree  of  accuracy. 
To  Hum  up,  then,  we  have 

Se»l  Conditione  for  makiag  tie  Tett. 
151.  To  obtain  satisfactory  results,  Bj  and  Ej  should  be  aa 
nearly  as  possible  equal. 

As  much  resistance  should  be  included  in  the  circuit  as  pos- 

If  the  readings  are  made  on  the  degrees  scale  of  a  tangent 
galvanometer,  then  the  resistance  in  circuit  should  be  so  ad- 
justed that  the  deflections,  as  nearly  as  possible,  make  equal 
angles  on  opposite  sides  of  45°. 

Possible  Degree  of  Accuracy  attainable. 
MThen  the  readings  are  in  division*,  then 

percentage  of  aooaracy  =  -j — -7 

where  ^  ia  the  smallest  fraction  of  a  division  to  which  the  de- 
flections can  be  read. 

When  the  readings  are  in  degreea  on  a  tangent  galvanometer, 


then 


Percentage  of  accuracy  = 


2  tan  1"  100 


"  tan  ((P  -  d°) 
where  ^  is  the  smallest  fraction  of  a  degree  to  wbich  the  d 


Wheatstone's  Method. 

152.  The  most    elegant  method  of  comparing  the    electro- 
motive forces  of  batteries  is  that  of  the  late  Sir  Charles  Wheat- 
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Battery  Ej  is  joined  up  in  simpla  circuit  with  a  galvanometer 
and  a  resiBtanoe ;  a  deflection  of  aP  ia  obtained.  The  resistance 
IB  now  increased  by  p,,  bo  that  a  new  deflection,  /3°,  is  pro- 
duced. 

Battery  E,  iB  next  joined  up  in  the  place  of  Bi,  and  the  re- 
sietance  in  circuit  ia  adjusted  until  the  deflection  obtained  ia  a", 
as  at  first.  The  reaiBtance  is  now  increased  bj'  p,,  so  that  tha 
deflection  is  reduced  to  ^,  as  in  the  first  inBtanoe. 

Now  from  the  "  Equal  resistance  method  "  (page  122),  we  eetf 
that  the  total  resistances,  E,  and  B,,  in  circuit,  which  were  re- 
quired in  the  two  cases  to  bring  tJie  deflections  to  a",  must  b6 
in  directproportion  to  the  electroraotiTe  forces,  Ej,  E,,  of  the  two 
batteries.  Also  the  total  resistances,  B,  +  p^,  and  B,  +  p„  in 
circuit  which  were  required  in.  the  two  oases  to  bring  the  defleo- 
tione  to  fiP,  must  be  in  direct  proportion  to  the  electromotive 
forces,  E„  E,. 

We  therefore  have 


I 


E,  :  E, : :  Bi  +  p.  :  E.  +  p.. 


EiRj  -l-E,  Pi  =  E J 


-E,p,  =  EiE,  +  E,f 


E,  :  Et  : :  Pi  :  p„ 

In  fact,  the  electromotive  foreea  of  the  batteries  are  directly  1 
proportional  to  the  added  resistances  which,  in  both  cases,  were 
required  to  bring  the  deflections  of  the  galvanometer  needle 
from  a°  down  to  p'. 

For  example. 

With  a  galvanometer  and  battery  E,  we  obtained,  with  a 
reBiKtance  of  1960  ohms  in  the  resistance  box,  a  deflection  of 
64°,  and  by  adding  2000  olims  (p,),  a  deflection  of  34°.  Battery 
E,  being  inserted  in  the  place  of  E„  a  resistance  of  1650  ohms 
was  inserted  in  the  resistance  box,  which  brought  the  galvano- 
meter needle  to  6i°  as  at  first,  and  by  adding  1600  onms  {pj, 
the  deflection  was  reduced  to  34°  as  in  the  first  instance ;  then. 

E.  :  E, ::  2000  :  1600, 


4 
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153.  In  thia  and  the  preoeditLg  t««t8  'we  have  supposed  tliat 
the  electromotive  forces  of  any  (wo  batteries  were  being  com- 
pared, but  it  vanst  be  evident  that  by  noting  the  defleotioDe, 
resistances  added,  &c.,  as  the  case  may  be,  wiUi  any  number  of 
batceriea,  their  electromotive  forces  may  all  be  compared. 

154.  We  will  now  proceed  to  determine  the  "  Best  conditions 
for  making  the  foregoing  test." 

There  are  two  points  to  be  determined  :  first,  what  should  be 
the  resistances  in  circuit  when  observing  the  first  deflections, 
and  second,  what  proportion  should  the  added  resistances  bear 
to  the  original  resistances  ? 

When  the  test  is  executed,  there  are  two  or  more  sets  of 
observations  made,  viz.,  one  for  each  battery.  But  it  will  be 
found,  on  exaniination,  that  the  proportion  between  the  electro- 
motive forces,  the  original  resistanoea,  and  the  added  resist- 
ances, is  the  same  for  every  set;  consequently,  we  have  only 
to  determine  what  relative  values  these  quantities  should  have 
in  any  one  set.  Those  in  the  others  will  be  in  the  same 
proportion. 

It  will  be  convenient  to  consider  first  what  proportion  the 
added  resistance  should  bear  to  the  original  resistance.  For 
this  purpose  we  will  suppose  />,  to  be  the  former  resistance. 

Now  pi  represents  the  electromotive  force  of  the  battery,  and 
therefore  iu  order  that  the  teat  may  be  made  as  accurately  as 
possible,  it  is  necessary  that  we  should  be  able  to  adjust  or  de- 
termine the  value  of  p,  aB  accurately  as  possible.  In  order  to 
obtain  the  required  value  of  p„  we  first  adjust  B,  so  as  to  obtain 
the  deflection  a°,  and  then  we  increase  R,  by  p,  so  as  to  obtain 
the  deflection  (3° ;  consequently,  the  accuracy  with  which  we 
can  obtain  p,  must  be  dependent  upon  the  accuracy  with  which 
we  can  read  both  the  deflections,  aP  and  ;8°. 

in,the  first  deflection  (a")  be  due  to  a  current,  C„  then 


^^^HVlien  the 


0,  = 


B,' 


C,H, 


:E,. 


[len  the  current  is  reduced  to  Cj  by  the  additiou  of  p 
C,  =  ^'      ,     or,    C,E,  +  C,p,  =  E,; 


0,K, +  C,  p,  =  C,E„ 


i^ 


I 
I 
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Now  tills  equation  is  identical  with  equation  [T]  (page  92)  in 
the  "  Diminished  deflection  ehunt  method  "  of  determining  the 
resistance  of  a  galTanometer ;  consequently,  we  can  see  from 
the  investigations  there  given,  that  p,  would  be  most  accurately   j 
obtained  if 

0.4 

approximately ;  but  when  this  is  the  case 


.b|-')  = 


that  is  to  say,  the  added  resistance  shonld  be  about  double  th«  J 
original  resistance.  J 

As  regards  the  "  Poasible  degree  of  aocnraoy  attainable,"  wa  ■ 
can  see  from  equation  [H]  (page  92)  in  the  test  before  referred  1 
to,  that  the  percentage  of  accuracy.  A',  attainable  must  be 

As  it  is  the  relative  electn;omotive  forces  of  two  batterie) 

which  have  to  be  determined,  that  is  to  say,  the  value  of  =;-,  thrffl 

Jfl,  I 

percentage  of  accuracy  with  which  the  test  can  be  made  will 
be  double  the  above. 

Aa  regards  the  value  for  the  original  resistance  there  is  little 
■to  be  said.  It  does  not  affect  the  accuracy  of  the  test,  except 
in  BO  far  an  the  power  of  adjustment  is  concerned ;  this  is 
evidently  made  as  favoQrable  as  poasible  by  making  the  resistance 
as  high  as  convenient. 
.  Wo  must  have  therefore 
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156.  When  malting  the  obeervations  with  the  first  battei_^ 
make  the  original  resistance  aa  high  as  convenient,  and  makOj 
the  added  resistance  as  nearly  as  possible  double  tbi 

The  eipreasion  P  +  ^  (a'  +  s)  in  tbe  eqiiatiou  referred  lo  [H] 
ire  yery  liigh ;  this  must  bo 
iuupliflod  into  equation  \T] 


I 
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^^H  PoesibU  Degree  of  Aceurruy  attainable. 

^^H     When  the  readings  are  in  divteiotu,  then 

^H  -1  (  D  -  d)  200 

^^H  Percentage  of  aooaracy  =  -     .  /t^^'jY' 

^^fwhere  -^  is  the  smallest  fractioii  of  a  division  to  which  the 
defleotions  can  be  read. 

If  the  deflections  are  in  degree*  on  a  tangent  galvanomoter, 
then  if  we  oan  read  their  values  to  an  aocurao;  of  ^th  of  a 
degree,  we  have 

(lanD°Si  +  tand°5,)2Q0 
^    tan  (P  ttwi  D°  -  tan  (f) 


Percentage  of  accnraoy  = 


I,  =  tan  D-= 


-  tand°. 


-  tan  D°,  and,  3,  = 

■  lfi6.  Wheatstone's  test  can  be  made  with  any  form  of  gUva- 
[  Dom^ter,  as  it  is  not  necessary  that  the  values  of  the  defleotiona 
in  terms  of  the  corrents  producing  them  bo  known,  except  for 
the  determination  of  the  "  Percentage  of  accuracy  attainable." 
If,  however,  the  galvanometer  be  "  calibrated  "  (page  30),  this 
^rcentage  can  be  determined. 


Lumsdek's  Method. 


Fio.  a. 


il57.  This  is  an  excellent  method  of  determining  the  com- 
rative  electromotive  forces  of  batteries.  The  principle  of  the 
rangement  is  shown  by  Fig.  44. 

^™  Firtt  Method. 

The  two  batteries  E,,  E,  are  joined  np  with  their  opposite 

polee  connected  together,  and  with  resistances  B,  p   in   their 

^^^monit.    A  galvanometer  g  ia  connected  between  the  point*  A,  E. 


.'9 


r 


I 
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One  of  the  reBiBtances,  say  p,  being  fised,  the  other,  B,  ib  adjusted 
uutil  no  deflection  is  nbaerv&d  oa  the  galranometer.  When 
this  ie  the  case  we  get  the  proportion 

^-  ? 
Ei  "    p  ■ 

158.  In  order  to  understand  why  this  is  the  case,  let  m  I 
examine  the  theory  of  the  method ;  this  may  be  esplained  by  the  J 
help  of  Kirohoffs  two  lawa,*  viz. : — 

1.  The  algebraical  sum  of  the  current  gfrengthe  in  all  the  t 
which  meet  in  a  point  is  equal  to  nothing. 

2.  The  algebraical  lam  of  aU  the  products  of  the  earrent  ilrengSu 
and  resislanceg  in  all  the  mre»  forming  a»  endoted  figure,  equala  the 
algebraical  gum  of  all  the  dectrtnaotive  forces  t'n  (he  circuit. 

159.  SuppoBing,  at  firet,  equilibrium  not  to  be  produced,  then 
we  have  the  following  equations  connecting  the  various  current  J 
strengths,  reBistances,  and  electromotive  foices  : — 


c,  _  c  -  c  =  0. 
R  c,  +  3  c  -  E,  =  0. 
PC-gc-E,=  0. 

[1] 
[2] 

m 

From  equation  [IJ  we  get,  Ci  =  c  -f-  Cj ; 

therefore 

E(c-Hc)  +  3c-E,  =  0. 

From  equation  [3]  we  get                                                 -^ 

P 
therefore 

therefore 

therefore 

"s(K  +  f)  +  Kf 


W 


If  in  this  equation  we  put 


*  FcnthepitMfoIttwMlMnieeikivaBdii:, 
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E,  _    H. 

K~   p' 
that  is, 

E, :  E, : ;  R  :  p. 

1 60.  Let  US  oonaider  what  are  tlie  "  Beat  oonditionB  for  making 
the  test."  What  we  huve  to  determine  ia,  what  are  the  best 
valuea  to  give  to  It  and  fi?  Now,  since  K,  and  E,  are  definite 
quantities,  the  value  given  to  K  (suppoaing  this  to  be  the 
adjuBtable  resiBtance)  will  be  determined  by  the  value  given  to 
p;  we  must  therefore  determine  the  value  to  give  to  the  latter. 

The  greater  the  accuracy  with  which  we  can  adjust  It,  the 
greater  will  be  the  aoouracy  with  which  we  oan  determine  the 

value  of  ^,  that  is,  the  relative  values  of  E.  and  E,.    But  the 

E,'  ' 

accaracy  with  which  we  can  adjust  R  depends  upon  its  range 
of  adjustment  being  aa  groat  as  posaible,  and  this  can  only  be 
the  caBe  when  it  has  as  hi^^h  a  value  as  poBnible.  'I'hus,  if  K 
were  100  units,  we  could  only  adjust  it  to  an  accuracy  of  I  unit 
in  100,  or  1  per  cent. ;  but  if  R  were  10,000,  then  1  unit  in 
10,000  represetitB  an  adju^itment  of  y}-^  per  cent.  But  it  is 
no  use  making  E  10,000,  unless  a  change  of  1  unit  in  its  value 
produces  a  perceptible  deflection  of  Ihe  galvanometer  needle. 

The  best  value  therefore  to  give  to  R  w  (Ae  Mghett  one  in  nhieh 
a  change  of  1  unit  from  itt  correct  value  produce*  a  p«rceptible 
dejteeiion  of  the  galvanometer  needle.  Since  R  ie  dependent 
upon  the  value  given  to  p,  what  we  require  to  know  is  the 
hirfiost  value  to  give  to  the  latler  quantity. 

Equation  [4]  shows  the  current,  c,  obtained  through  the 
galvanometer  when  equilibrium  is  not  produoed.  If  in  thJa 
equation  we  put  £  —  1  in  the  nniuerator  instead  of  B  and  then 
put 

dE. 
RE.=  pE„  or,  R=^. 

t!ii 

)  ahall  get  the  current  corresponding  to  the  change  of  1  uuit 
a  the  correct  value  of  R,.     Thus 

E, 


pE, -(R-  HE, 
'  »(E+p)  +  Sf   " 


73 


E      ^^ 


+f  +' 


[A] 


r 
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'[»('+!)  +  ']  =  £•  m 


1 


Practicallj-,  the  minimum  readable  defiection  of  a  Thomson 
galvanometer  (which  ia  the  best  to  employ  in  a  test  of  this 
kind)  is  one  division,  and  the  reciprocal  of  the  cnrrent  pro- 
dnoing  this  deflection  ie  the  figwe  of  merit  of  the  instrument 
(page  47).  If,  therefore,  in  the  last  equation  we  put  for  c  tbe 
reciprocal  of  the  figure  of  merit  of  the  galvanometer,  we  can 
determine  the  highest  value  which  can  be  given  to  p,  Ei  and  E, 
both  being  in  vdts. 

If  we  wish  to  get  the  exact  value  of  p,  we  can  do  so  by 
solving  the  quadratic  equation ;  but,  practically,  we  only 
require  to  get  a  rough  idea  of  what  the  value  of  p  may  be, 
and  thia  we  may  obtain  by  giving  different  values  to  f 
trying  which  of  them  nearly  satisfies  the  equation. 

For  example. 

Two  batteries,  whose  electromotive  forces  E,  and  Bj  were 
known   to  be  of  the  approximate  values  of  2  :  1  (Ej  being  ] 
1  volt),  were  to  bo  tested  by  the  foregoing   methocl  with  a 
Thomson   galvanometer  whose  resistance  was  5000  ohms  (j)  I 
and  figure  of  merit  1,000,000,000:  What  was  the  highest  value  1 
that  could  be  given  to  p? 

p  [5000  (1  +  i)  +  p]  =  1,000,000,000  X  i. 

p  [7500  +  p]  =  500,000,000. 

From  this  we  can  see  that  if  we  make  p  =  19,000  we  shall  be  ] 
very  nearly  right,  for 

19,000  [7600  +  19,000]  =  603,500,000. 

With  this  value  of  p,  the  vaJue  which  B  would  have  when 
I    adjusted,  would  be 

E  =  p  J'  =  19,000  X  J  =  38,000, 

and  with  this  value  we  could  obtain  a   degree  of  acouraoy  I 
equal  to 
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Having  then  ascertained  the  value  to  give  to  p,  stippose  wo 
actually  made  it  19,000,  and  further,  we  found  that  in  order  to 
f^t  equUihrium  as  nearly  ax  possible,  wo  had  to  adjiiHt  R  to 
I  86.250  oluns,  then  the  relative  values  of  £,  and  E,  would  be 


E. 


:  3G,250  :  19,000, 


:  1-8089  :  1, 


Hid  we  know  this  is  oorreot  within  '0026  per  cent. 
From  equation  [AJ  (page  135J  we  can  see  that  o  \b  greatest 
Fvhen  E,  is  larger  thau  E,.  It  is  thorol'oro  best  to  so  arranf^s 
rthe  test  that  the  resistance  to  be  adjusted  is  the  one  iu  oiruuit 
I  -witii  the  strongest  of  the  two  batteries.  Also  we  can  see  that 
>  the  more  the  batteries  differ  in  eleotromotive  foroe  the  better, 
I  w  the  greater  will  be  the  value  of  p. 

Second  Method. 

IGl.  In  the  example  we  have  taken  we  have  snpposed  the 
reBiBtancea  of  the  batteries  to  have  been  so  low  that  their 
values  oouid  praotioaUy  be  neglected  in  ooiuparison  with  the 
high  reaifltancoB  B,  p,  which  we  were  able  to  put  in  circuit. 
If,  however,  the  batteries  oonsist  of  a  great  number  of  oqUb  of 
high  resistance,  and  also  the  galvanometer  be  not  a  highly 
sensitive  one,  and  consequsntly  11  and  p  have  to  be  propor- 
tionately small,  then  we  can  no  longer  ignore  the  resistances  of 
the  batteries,  and  these  must  either  bo  added  on  to  II  and  p  or 
eliminated  in  the  following  manner. 

Suppose  the  resistances  of  E,  and  E,  to  be  r,  and  r,  respeo- 
tively,  then  when  equilibrium  is  produced  we  have 

E.  :  Ei  : :  B  +  r,  :  p  +  r., 

E,r,-  E,n  =  E,E-E,p.  [1] 

n^e  decrease  p  to  p,  and  again  obtain  balance  by  de- 
B  to  B„  we  get  a  second  proportion,  viz. — 

E,  r,  -  E,r,  =  E,  R,  -  E,  p,.  [2] 


I 


f  Bubtraoting  [2]  from  [1]  v 
E,E-E,E, - 


3  get 


\ 


I 
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E,  :E. 


B-E,  : 


P-  p.. 


a  pFopoitioQ  in.  which  differences  of  resistaace  alone  appea 
In  fact  (R  —  R|)  aad  (p  —  p,)  are  merely  the  resiatancaB  whid 
wo  subtracted  from  E  and  p,  in  order  to  get  equilibrium  | 
second  time. 

For  emimpfe. 

Two  batteries  whose  electromotive  foroea  E,  and  E,  were  to 
be  compared,  were  joined  up  in  circuit  with  a  galvanometer 
and  two  resiataacea  aa  ahown  by  Fig.  ii,  the  reeistanoe  p  being 
500  ohms;  in  order  to  obtain  equilibrium  R  waa  adjusted  to 
1050  ohms ;  p  was  then  decreased  to  300  ohma  (p,),  and  in  order 
to  again  obtain  equilibrium,  E  had  to  be  reduced  to  630  ohms 
(R,),  What  were  the  comparative  electromotive  forces 
batt«rieB? 

E, ;  li  ; :  1060  -  630  :  500  -  300 


420 


B  2-1  to  1. 


200 


th^ 


162.  The  qneation  now  arisea  what  are  the  best  values  to  give 
to  E,  and  Pi,  or  rather  to  p„  for  the  value  given  to  the  latter 
will  determine  the  value  given  to  Ei. 

In  order  to  work  out  the  problem  let  us  suppose,  in  th^ 
equation 

E.      E  -  R, 


there  ia  a  amall  error  ^  in  ^  caused  by  a  definite  t 
E„  that  ifl,  let 

B  4-  A  =  s  -  (Ki-'^)  _  R-R.  ,  _±^ 
Ej  p-p,         ^  P  -  Pi        p  -  Pi 

By  subtracting  [A]  from  [B]  we  get 


[B] 
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This  shows  that  'with  the  definite  error  tf>,  X  is  ay  small  aa 
possible  when  p,  is  ae  email  as  possible.  X  would  be  very  great 
if  p,  approached  in  value  to  p,  but  it  would  be  small  when  p, 

is  about  equal  to  -,  and  but  little  leas  if  p,  is  made  very  much 

emaller  still.  Although,  therefore,  we  should  matte  p,  small, 
there  is  but  little  advantage  in  making  it  very  much  smaller 

^B'than  -  .  in  fact,  there  is  an  actual  disadvantage,  for  when  p,  is 

^~  Tery  small,  E,  is  proportionately  small  and  its  range  of  adjust- 
inent  is  correspondingly  limited. 

From  equation  [A]  (page  135)  we  can  see  that  in  the  present 
case  the  currents  flowing  through  the  galvanometer  when 
equilibrium  is  not  established,  ia  consequence  of  K  and  K,  being 
tioh  1  nnit  out  of  adjustment,  are 


=  (,+.,|[.(i  +  |)+,+.] 


E. 


(''■  +  -'|[»('+|)+'"  +  '.] 


•J   taoa  1  Ml 

^^P^nspeotively ;  and  from  these  equations  it  is  evident  that  if  e,  is 
^*  a  perceptible  deflection  when  R  is  1  unit  out,  c,  will  be  a  still 
more  perceptible  deflection  when  B,  is  1  unit  out,  since  E, 
must  be  smaller  than  E ;  consequently  the  value  we  give  to  E, 
will  not  bo  limited  by  any  considerations  with  regard  to  a  per- 
ceptible deflection  being  obtained. 

As  in  the  first  test,  c,  and  c^  are  both  greatest  when  E|  ia 
larger  than  E„  the  batteries  should  therefore  be  so  arranged 
that  this  is  the  case. 

With  regard  to  the  Ptmihle  degree  of  accuracy  aiiatnahle  with 
this  test,  we  can  see  first  of  all  that  B  cannot  be  adjusted  quite 
so  accurately  aeiu  the  case  where  the  resistance  of  the  batteries 
was  negligible ;  we  can,  however,  ascertain  the  esact  degree 
attainable  by  putting  p  -\-  r,  instead  of  p  in  equation  [BJ 
{page  136).  Thus  to  take  the  example  given  on  page  136,  suppose 
the  battery  E,  had  a  resistance  of  5000  ohms  (n)  approximately, 
then  we  should  have 
f  (p  +  5000)  [6000  (1  +  i)  +  p  -f-  5000]  -  1,000,000,000  X  4, 

{p  -).  BOOO)  [12,500  -j-  p]  =  600,000,000. 
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in  tliis  equation  -we  make  p  =  14,000,  we  get 
(14,000  +  5000)  [12,500  +  14,000]  =  603,500,000, 


which  ia  close  to  the  correot  Talne. 
not  exceed  14,000  ohma,  we  can  be  i 
1  unit. 

The  degree  of  accuracy  with  which  we 


In  other  words,  if  p  doe*- 1 
re  of  the  value  of  B  within  I 


1  determine  the  j 


value  o 


i  from  the  equatio; 


depends  upon  the  degree  of  accuracy  with  which  we  can  adjust 
both  K  and  E,,  and  ae  the  errors  in  either  of  them  may  be 
either  +  or  —  ,  the  greatest  possible  total  error  is  that  which 
will  be  produced  by  a  +  error  in  E,  and  a  —  error  in  E[,  or 
Let  these  errors  be  both  1  unit  and  let  the  oorre- 

El 

aponding  error  in  ^  be  A,  then  we  have 
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*'  ■  U.00O  -  7000  X  I  -  ■»"  !»'  »«'• 

163.  With  a  Thomaon  galvanometer  of  ordinary  Bensitive- 
neas  it  is  evident  from  the  foregoing  investigation,  that  if  we 
have  two  batteries,  one  E,  having  an  electromotive  force  of  1 
volt  or  more,  and  E,  an  eleclromotive  force  of  twice  that  value 
or  more,  we  can  withont  difficulty  determine  their  relative 
eleotroitiotive  forces  to  an  accuracy  of,  at  least,  '015  per  cent. ; 
and  if  the  resiatance  of  the  batteriea  be  very  low  we  can  be 
certain  of  the  accuracy  within,  say,  -003  per  cent 

16i.  It  is  po(«ib!e  to  get  a  still  greater  accuracy  by  employ- 
ing a,  set  of  resistance  coils  adjustable  to  jV'''^  °'  tJh''^  '^^  '^ 
unit,  for  in  this  case  we  can  make  both  B  and  B,  low  without 
loeing  the  range  of  adjustment,  whilst  by  making  these  quanti< 
ties  low  we  increase  the  value  of  the  galvanometer  deflection 
when  exact  adjUHtment  is  not  obtained ;  this  is  only  the  case, 
however,  when  the  resistances  of  the  batteries  and  of  the  galva- 
nometer are  low. 

We  can  easily  determine  to  what  extent  the  degree  of 
accuracy  is  increased  by  using  Biibmultiples  of  the  units ;  first 
by  ascertaining  from  equation  [B]  (page  136)  what  value  p  can 

E/ 
have,  =—  being  divided  by  10  if  R  is  adjustable  to  -I'jjths,  and 

by  100  if  R  is  adjustable  to  irjTjtbs ;  and  second  by  working 
out  the  value  of  K'  from  equation  [C]  (page  liO)  which  gives 
the  required  percentage  of  accuracy. 

Of  course  when  great  accuracy  is  required  the  tost  must  be 
made  by  the  method  in  which  tlie  resistance  of  the  battery  is 
eliminated  ;  it  is  no  use  making  the  test  by  (he  first  method, 
since  the  accuracy  attainable  by  having  E  adjustable  to  -j'^th 
or  ytij-th  of  an  ohm  is  more  than  counterbalanced  by  the  error 
produced  by  not  taking  into  account  the  resistanoe  of  the 
battery. 

To  summarise  the  results  we  have  obtained,  we  have 

Best  Conditions  for  making  the  Teel. 
First  Method. 

f  165.  First  make  a  rough  test  to  ascertain  the  approximate 
A  of  fii  and  £^  then  make  p  of  such  a  value  that 
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approximately,  c  being  the  reciprocal  of  the  figure  of  merit 
the  galvanometer,  and  E,  the  stronger  of  the  two  batteries,  '. 
and  E:  being  in  volts. 

Second  Method. 

Make  p  of  euch  a  value  that 

(p  +  m[»(i  +  |)+p  +  .]  =  |^ 

approximately. 

If  B  is  adjustable  to  ^loth  or  yi^th  of  an  ohm,  the  right-hai 

side  of  the  equation  should  be  ^^  .'„     or  respectiTelv. 

j!i,  10  c       lUi  lUu  e 

p,  should  be  about  equal  to  -  ■ 

In  both  methods  E,  should  he  the  larger  of  the  two  batteries 

Possible  Degree  of  Aceuraey  attainable. 

First  Method. 

Where  resistanoe  of  battery  is  very  small. 

Percentage  of  aoouraoy  =  —  X  p-  ■ 
Second  Method, 

■  E, 

Or,  if  p,  is  nearly  equal  to  ^  i 

400       E, 
Percentage  of  accuracy  =  —  ^  v  ' 

166.  A  great  point  in  these  methods  of  determining  the  com- 
parative electromotive  forces  of  batteries,  lies  in  the  fact  that 
both  batteries  are  working  under  exactly  the  same  conditions ; 
moreover,  if  the  resistances  E  and  p  are  high  there  is  but  little 
tendency  for  them  to  polarise.  If  one  of  the  batteries  be  a  con- 
stant one,  such  as  a  Uaniell,  then  by  varying  the  values  of  B 
and  p  we  can  test  how  the  other  battery  behaves  when  worked 
through  different  resistances. 


^^  167.  In  this  method  one  battery  is  balanced  against  the  other. 
The  method  is  shown  by  Fig.  45.  In  this  figure  E,  and  E,  are 
the  electromotive  forces  to  be  compared.    B  and  p  are  adjastable 
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Poogesdobff's  Method. 


I 


resistances,  r,  and  r,  being  the  resistances  of  the  batteries.     G 

'm  the  reaifltance  of  the  galvanometer. 

.  Before  equilibrium  ia  obtained  "we  have 


c,  +  c,-  (^  =  0 

m 

(r,  +  G)c,  +  Ec-]!,=  0 

[2] 

(r.+  p)c,  +  Ec,-E,  =  0. 

[S] 

_3y  Babstitnting  the  value  of  e^  obtained  from  eqaation  [1],  in 
tanation  [2],  and  then  again  the  Talue  of  c,  obtained  from  equa- 
"~n  [2],  in  equation  [3],  wo  shall  find  that 


(n  +  p)E.-E(E, +  E,) 
'^-B(r,+  G  +  r,  +  p)+(r,+  rt('-.  +  Q)' 
^  If  we  put  c,  =  0,  we  get 

(■■,  +  p)E.-B(E,-E,)  =  0, 

l.(B+r,  +  p)  =  E,K; 

E, :  E, ; :  E  +  n  +  p  :  E, 


[*] 


[5] 
[6] 


will  be  observed  that  in  order  to  get  the  ratio  of  E,  to  E, 
" "  .^oiQportion,  we  must  know  the  resietance  r^  of  the 


I 

r 
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battOTj  Ej.      If,  however,  we  decrease  p  to  p,  and  again  get 
equilibrium  by  readjusting  E  to  E,,  we  get  a  second  proportion, 

E,  :  E.  : :  E,  +  r,  +  p,  :  E„  [7] 

and  by  combining  tbe  two  proportions,  fi  ib  eliminated  in  the  I 
maimer  aliowii  in  the  last  test  (page  13T)  and  we  get 

E,  ^(B-B.)  +  (p-p,) 
Ej  E  -  B, 


E,  :  E,  : :  {E  -  E.)  +  (p  _  p,)  :  (E  -  E,),         [A] 
1  proportion  in  which  differences  of  resistance  alone  enter. 

For  exam-pie. 

Two  batteries  whose  electromotive  forces  Ei  and  Eg  were  to 
be  compared,  were  joined  up  In  circuit  with  a  galvanometer 
and  two  resistances  as  shown  in  Fig.  45,  The  resistance  p 
being  200  ohms,  it  was  necessary  in  order  to  obtain  equilibrium 
to  adjust  E  to  600  ohms,  p  'was  then  reduced  to  100  ohms  (pi), 
and  in  order  again  to  get  equilibrium  E  had  to  be  readjusted  to.^ 
400  ohms  (Ei),  tben 

E.  :  E,  : :  (500  -  400)  -+  (200  -  100)  :  (EOO  -  400); 


168.  In  mating  this  test  practically,  the  connections  with  th« 
set  of  resistance  coils  shown  by  Fig.  6,  page  13,  would  be  as 
shown  by  Fig.  46.  Having  ■depressed  the  left-band  key,  then, 
according  to  the  example,  we  should  take  out  the  two  100  plugs 
between  A  snd  C,  and  proceed  to  adjust  between  D  and  E. 
This  being  done,  we  should  insert  one  of  the  100  plugs  between  . 
A  and  C  and  readjust  the  resistance  between  D  and  E.  .1 

169.  As  only  one  of  the  batteries  (the  smaller)  in  this  test  ^ 
has  its  electromotive  force  balanced,  the  other  one  should  be  n    ' 
constant  battery,  whose  electromotive  force  does  not  fall  off  on 
being  worked  continuously,  such  as  a  Duniell. 

170.  It  is  evident  that  Uie  test  can  be  made  either  by  making 
p  a  fixed  resistance  and  E  an  adjustable  one,  or  by  making 
E  fixed  and  p  adjustable.     In  order  therefore  to  determine  the  1 
Best  eottdiliontfor  making  the  tegl,  one  point  for  consideration  will  I 

be — should  if  or  p  be  the  adjustable  quantit; 


I 

s 
a 

.'1 
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Now  by  a  similar  reasoning  to  tliat  given  in  (§  IGO)  we  can 
see  that  in  either  case  the  value  of  the  adjustable  resistance 
should  be  the  highest  one  in  tehich  a  chaiuje  of  1  unit  from  iC» 
I  correct  resislance  produces  a  perc^tible  deflection  of  the  galvanometer 


If  we  refer  to  equation  [6]  (page  143)  we  oan  see  that  if 
E>|  =  2  Ej  then  r,  +  P  nmst  be  eqnal  R,  and  that  according  as 
E,  is  greater  or  lesB  than  2  Ej,  so  will  n  +  p  be  greater  or  less 
than  B.  It  is  evident  that  the  larger  we  make  the  adjustable 
resistance  the  greater  will  be  the  range  of  adjustment  of  which 
it  is  capable,  therefore  for  this  reason  it  follows  that  if  E,  is 
greater  than  2  E,  then  r,  4-  p  should  be  the  resistance  in  whioh 
the  adjustment  is  effected,  whereas  if  E,  is  lees  than  2  E,  then 
E  should  be  the  adjustable  resistance, 

N^ow  if  B  be  the  adjustable  resistance,  then  inasmuch  as  the 
value  which  it  will  have  will  depend  upon  the  value  given  to 
p,  therefore  we  must  determine  the  highest  value  we  can  give 
to  p. 

Equation  [4]  (page  143)  shows  the  current  Cj  obtained  through 
the  galvanometer,  when  equilibrium  is  not  produced.  If  in 
this  equation  we  put  R  —  1  in  the  numerator  instead  of  K,  and 
a  put 

E,  ^  B+r.  +  p       „,     p  _  ,.  _,  .,      K.      . 


E-C-.  +  rti 


t  sh&n  get  the  current,  c,,  coi 
't  in  Sie  correct  value  of  E. 


responding  to  the  chai 
Thus 


J  of 


"  (n  +  P)  [(r.  +  Q)  %  +  |ri  +  p}  E J  ' 


[1] 


r 
I 
I 

] 

r 
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(■•,  +  P)  [(■•,  +  G)  E,  +  (r,  +  f)  eJ  =  ^- 


W      ■ 


And  if  in  this  equation  we  make  C;  the  reciprocal  of  the  figure  of 
merit  (page  47)  of  the  galvanometer,  then  the  value  of  p  which 
satisfies  the  equation  will  bo  tlie  higheet  value  which  it  should 
have  ;  as  explained  in  the  last  tost,  p  can  be  obtained  by  trial. 

If  p  be  the  adjustable  reaistance,  then  what  we  have  to 
determine  is  the  value  which  E  should  have.  To  do  this  we 
muflt  put  p  +  1  •  instead  of  p  in  the  numerator  of  equation  [4] 
(page  143)  and  then  put 

El  _  fi  +  r,  +  P  R  (E-,  -  E,) 

E,  "  B  ,     or,     r.+  p-  ^^ 

we  shall  then  get  the  current,  c\,  correeponding  to  the  change  ■ 
of  1  unit  in  the  current  value  of  p.     Thus 


'      "K  [{t^  +  G)  E.  +  E  (E,  -  Ea)]  ' 
H  [(r,  +  G)  E.  +  E  (E,  -  E,)]  =  ^' ,  [B] 

from  which,  as  in  the  previous  case,  E  can  be  obtoiaed  by.l 
trial.  I 

We  have  next  to  determine  the  value  which  should  be  given  1 
to  B,  or  to  Pi-     Let  us  in  the  first  instance  take  B,  to  be  the 
adjustable  resistance,  then  what  we  have  to  do  is  to  find  the 
proper  value   to   give  to    pi.      If,    then,   we    suppose  in   the 
equation 

E.      (B-Ei)  +  (p-p.) 


that  there  is  a  small  error  X 
error  —  ^  in  B, ;  then  we  have 

•  Wb  put  p  +  1  in  thia  case  in  preferenco  to  p  —  1,  simply  in  order  tn 
^Tiiig  c,  a  uiinas  Toloe.    Tho  general  result  abtained,  however,  would  b 
amilax  wJjetbei  the  1  be  pins  or  w ' 
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3ty  Babttftcting  [3]  from  [4]  we  get 

1  _  P  -  f  Pi  -  0)        P  -  Pi  ^      ■ 

B-E,       ~E-E,      E-E' 
I  but  from  [3] 


-^-'dT^jt'-f-'^ 


(e;:^)'' 


This  ahowB  fbat  with  the  definite  error  0,  A  is  aa  amall  aa  pos* 
■nblewhen  pi  is  as  small  aa  possible,  k  would  be  very  great  if  p, 
I  approaches  in  value  to  fi,  but  it  would  be  small  when  pi  is  about 

■  equal  to  :,  aad  but  little  less  if  pi  is  made  very  small  indeed. 

As  our  range  of  adjustment  of  Hi  is  limited  by  making  p,  very 

amall,  it  is  advisable  not  to  make  it  smaller  than  ^ . 

A  similar  investigation  would  have  proved  that  if  pi  were 
the  adjustable  resiataoce,  then  E,  should  be  made  small,  though 


not  smaller  than 


R 


171.  From  equation  [1]  (page  145)  we  can  see  that  the  test  ia 
impossible  if  E,  and  Ej  are  equal,  since  c,  =  0  with  any  value 
we  can  give  to  the  reaistanccs.*  We  can  farther  see  that  the 
more  the  batteries  differ  in  electromotive  force  the  better  ;  and 
alao  that  it  does  not  matter  materially  which  is  the  stronger  of 
the  two. 

179.  As  regards  the  Poegible  degree  of  accuracy  allainabh,  this 
depends  upon  the  degree  of  accuracy  witb  which  we  can  adjust 
both  E  and  R,  (or  p  and  p,,  if  K  and  Ei  are  the  fixed  resistances), 
and  as  the  errors  in  either  of  them  may  be  +  or  — ,  the  grealoat 
possible  error  is  that  which  will  be  produced  by  a  -|-  error  in  E 
and  a  —  error  in  H,  or  vice  versa.     Let  these  errors  be  both  1 

Ktuiit,  and  let  the  corresponding  error  in 

{&om  equation  [3]  (page  146} 

'';'+x  =  i+^ 


I 


be  X,  then  we  have     fl 
i_        P  -  Pi  ■ 


148  HANDBOOK  OF  ELECTBIOAL  TESTING, 

and 

III2  li  —  Ai  Jill  —  Jl<2 

therefore 

p  -  Pi  P  -  Pi         2 (p  -  pi) 


X  = 


R«R^-2"B-Ex""   (E-Ei-2)(E-Ei)' 

or  since  R  —  Ri  is  very  large, 

_  2(p-ft)  _      2  /E.  -  E^Y 

(^--R^y-  p-p^'^\     E,     / 

Since  we  require  to  know  wliat  percentage  (XT)  of  error  this 
represents,  we  have 

^  =  iOO ''^E/ 


or 


El       p-p,  E1E2 

In  the  case  where  p  and  pi  are  the  adjustable  resistances,  we 
should  get 

^  _  p  -  pi  +  2       p  -  Pi  _        2 

R  —  Rx         R  —  Ri       R  —  Ri 

and  calling,  as  before.  A'  the  percentage  of  error,  we  get 

R—  Ri      Ej 

To  sum  up,  then,  we  have 

Best  Conditions  for  making  the  Test. 

173.  First  make  a  rough  test  to  ascertain  the  approximate 
values  of  Bj,  Eg,  ri,  and  r^ ;  then  if  E^  is  less  than  2  Eg,  make  p 
a  fixed  resistance,  and  of  such  a  value  that 

(n  +  P)  [(r.  +  G)  Ej  +  (r,  +  p)  EJ  =  ^^LIlM      [A] 

C 

Approximately,  . 
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If  B  is  adjuBtable  to  '^tli  of  an  oluu,  tlien  the  right-haad  side 
of  the  laet  eqimtiou  should  be 


i 


c  being  the  reciprocal  of  the  figure  of  merit  of  the  galrajioineter, 
,and  E,  and  £,  being  both  in  volts. 

p,  Bhoald  be  aboat  eqnal  to  -- 

If  E,  is  greater  than  2  E^  tb&n  make  B  a  fixed  resistance,  and 
■aS  each  a  value  that 

E[(r.  +  G)E,  +  R(E,  -  20]="^  [B] 

approximately. 

If  p  is  adjustable  to  ^th  of  an  ohm,  then  the  right-hand  side 
lof  the  last  e(iaation  should  be 


e  being  the  figure  of  merit  of  the  galvanometer,  and  E,  and  E, 
Ijeing  both  in  voltg. 

El  should  be  about  equal  to  — . 


Possible  Degree  of  Accuracy  atlainahle. 
"When  B  and  B,  are  the  adjustable  reaistances,  then 

.(E.-E.y. 


Percentage  of  accuracy  = 
I  or  if  pi  nearly  equals  ^ 


E,  Ej 


„  .  ,  400      (E.-Ea)" 

Percentage  of  accuracy  =  —  x      w   w       • 

:  When  p  and  pi  are  the  adjustable  resistances,  then 

Percentage  of  accuracy  =  .^^ — ^  x  p  i 


r 
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OT  if  K,  nearly  equals  — 

Percentage  of  accuracy  =  -=-  X  -=-  . 

174.  If  the  test  is  made  by  oTjtaining  the  result  from  formula  I 
[6]  (fi^e  143),  the  resistance  r,  of  the  battery  being  very  small,  J 
tlien  it  ia  not  difficult  to  see,  from  the  investigation  given  ia  J 
"Lumaden's  test"  (page  133)  that  when  E  is  the  adjustable  1 
resistance,  then 

100       (E,  -  E,)' 
El  E,     ' 


of  accuracy  =  - —  x 

Also  we  should  make  p  of  Guch  a  value  that 
(E,  -  li.)' 


I 


p(GE,+  pEO 

B  adjustable  resist: 
Percentage  of  accuracy 
s 
E  Fg  E,  +  K  (E,  ~  Eol 


approximately. 

When  p  is  the  adjustable  resistanoe,  then 

100       ^ 
B"  ^  E, 

Also  we  should  make  E  of  such  a  value  that 

E.^ 


approximately. 

Fahie's  Method  of  Measdring  Batteet  Eksistakce. 
175.  It   may  be  pointed  out*   that  the  foregoing  teet  also  * 
afiords  a  means  of  aecertaining  the  retislance,  r„  of  the  battery 
E, ;  thus  from  equations  [5]  and  [7]  (pages  143  and  144)  we  can 
see  that 

E  +  r,+  p:B::E,  +  i-.  +  p,;E,, 
therefore 

E,  E  +  El  r,  -I-  R,  p  =  E,  E  +  E  r,  -i-  E  p, ; 


h  (B  -  E.)  =  E,  I 


*  See  Subine'a  'The  EliioliM  Xekgiaph,'  p.  823. 
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I  thus  if  we  t&ke  the  exam] 


J  given  on  page  144,  in  which  wo 


(400x200)- (500x100)       „.    , 
^ 500-100  =  '"  °^^^ 


I 

! 

1 
1 

Id. 
Hi 
S 


176.  A  resistance  test  made  in  this  way,  however,  wonld  not 
be  an  accurate  one  if  the  resistance  r^  of  the  battery  were  small 
in  comparison  with  the  resistance  pi  (which  is  in  the  same 
circuit  with  r{),  for  in  this  case  the  high  value  of  the  latter 
wonld  Bwamp,  as  it  were,  the  low  value  of  r,.  If,  however,  aa 
suggested  by  Mr.  Pahie,*  we  commence  the  test  by  having  no 
Tesistance  at  first  in  circuit  with  the  battery  E„  that  is  to  say, 
if  we  have  p,  equal  to  0,  then  we  can  obtain  more  satisfactory 
TBBults;  in  this  case  we  get 


[A] 


177.  With  regard  to  the  Bed  conditions  for  maHng  the  tett  acoord- 
!ing  to  formula  [A],  the  resistance  R,  is  the  resistance  required  to 
produce  balance  in  the  first  instance  and  it  can  have  but  one 
value;  R,  however,  is  dependent  upon  p,  so  that  what  is  required  is 
the  value  which  should  be  given  to  the  latter  quantity.  Now 
&Dm  formula  [A]  we  can  see  that  the  larger  we  make  p  the  larger 
will  be  the  value  of  R,  and  the  larger  wa  make  the  latter  the 
greater  will  be  its  range  of  adjustment,  consequently,  aa  in  the 
electromotive  force  test,  we  should  give  it  the  highest  vaiue  in  lekich 

change  of  1  iint'(  from  its  correct  remetanee  produces  a  perceptible 
tejlecticm  of  the  galvanometer  needle ;  this  resistance  we  shall 
jDhtain  by  giving  p  such  a  value  that 

(n  +  P)  [(f.  +  G)  E,  +  {n  +  p)  E,]  =  ^^'  ~  ^'^' 

«pprojimately,t  c  being  the  reciprocal  of  the  figure  of  merit  of 
the  galvanometer. 

As  regards  the  Possible  degree  of  acC'iracg  attainable,  this  wo 
shall  obtain,  as  in  previous  coses,  by  supposing  that  there  ii 

t  Equation  [AJ  p.  Me. 
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error  of  -f- 1  in  E  and  an  error  of  —  1  in  Bi,  these  errors  causing 
a  corresponding  total  error  X  in  ri ;  thus 

_      (B.  +  1)P  (Bi  +  1)  P 

'"I"         (E-1)-(R.+1)=  E  -  Bx  -  2  ' 

and  since 

B,p 


r,  = 


R  —  B| 
we  get 

(B.+  l)p         Bip  p(B  +  Bi) 

E-E, -2      E-Ei  ~  (B-Ei-2)(E-B,)' 

or  since  B  —  B,  is  very  large,  we  may  say 


but 


pCE  +  e,).  pb-, 

E.  ^  Bi  +  fi  ^  B+p  +  *-i 

£2  Xi|  Xt 


~S"  > 


or 


B,  =  ^»\.and.E  =  5'i?liP), 


therefore 


E  +  Bx  =  =rA^  (2r,+  p),  and,  B  -  Ex  =  =AV 

Jill    —   J!J2  11*1    —    •*^2 

« 

and  by  substituting  these  values  of  B  -|-  Ei  and  B  »  Bi  in 
equation  [B]  we  get 


V       El  —  Eg  /2  Ti         \ 

^ — ET-i-r+V- 


Or  if  we  call  \'  the  percentage  of  error,  then 

^  =  ioo  °^  '■" 


or 

_  lOOX  _  El  -E8/^2 
^  -  "rl  E; 


(M.)- 
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178.  The  relative  electromotive  forces  of  the  batt«riee,  it  may 
be  pointed  out,  are  given  by  the  proportioa 

E,  :  E, : :  (B  -  E.)  +  p  :  (B  -  E.). 

which  is  the  same  as  proportion  [A],  page  144,  except  that  pi  is 
put  equal  to  0. 

To  sum  up,  then,  we  have 

Best  Conditions  for  makitig  the  Test. 
79.  Hake  p  of  BDch  a  value  that 


(n  +  P)  [(»-.  +  G)  E,  +  (n  +  p)  E.] 


■  (E,  +  E.)' 


approximately,  e  being 
the  galvanometer. 


the  reciprocal  of  the  figure  of  merit  of 


Possible  Degree  of  Accuraof  attainable. 


Percentage  of  accuracy  = 


_-E,~  E./2 


Ei 


^(1+1) 


100. 


Fahie's  CosfsraEO  Method  of  CoMPAKtufo  Electromotive  Forces 

AND  MEAEHRINa   BATTEItY    RESISTANCE. 

180.  This  is  an  extremely  ingenious  and  elegant  method,  and 
although  its  application  is  rather  limited  it  is  well  worth  being 
noticed.  The  arrangement  is  a  combination  of  Poggendorff's 
method  of  comparing  electromotive  forces  (page  143)  and 
Malice's  method  of  measuring  battery  resiatanca  (page  106). 


FiQ.  47. 


Eeferring  to  Fig.  47,  the  following  is  the  mode  of  making  the 
test : — E  is  the  stronger  battery  whose  electromotive  force  is 
to  be  compared  with  the  battery  e,  and  whose  internal  resistance 
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to  be  measnred  ;  fZ  ia  a  variable  and  a  -{-h  a,  slide, 
B  being  the  slider  by  the  moTement  of  which  the  ratio  of  o  to  6 
can  be  varied.     The  key  K   boing  open,  the   reaiatanoe  d  is 
adjusted  until  the  needle  of  the  galyanoraoter  shows  that  no  , 
current  is  passing  through  the  latter;  when  this  is  the  c 
then,  as  in  Poggendorffa  method  (page  li3),  we  have 


r  +  d  +  oH 


■.a  +  b. 


J 

aoe, 
to& 
1  is 


Balance  being  thus  obtained,  the  key  K  is  alternately  depressed 
and  raised  and  the  slider  B  moved  until  the  latter  is  brought  to 
such  a  position  that  the  movement  of  the  key  K  ceases  to  affect 
the  galvanometer  needle,  as  in  Manoe'a  test  (page  105).  Now, 
inasmuch  as  the  battery  e  merely  act^  as  a  counteracting  force 
to  the  current  which  in  Mance'a  test  woTild  cause  a  permanent 
deflection  of  the  galvanometer  needle,  it  must  be  evident  that  ^ 
when  the  movement  of  the  key  K  ceases  to  affect  g,  then  i 
must  have 


ad 


[2] 


r  +  d=^+d  =  -^ia  +  i,). 
Substituting  this  value  of  f  +  d  in  equation  [1],  v 
E  :  e  :  :  ^  («  +  6)  +  a  +  &  :  o  +  &, 


Equation  [2],  therefore,  gives  the  resistance  of  the  battery  E,  a 
I    equation  [3j  gives  the  relative  electromotive  forces  of  the  tyr\ 
'   batteries. 

For  example. 

The  key  K  being  raised,  balance  was  obtained  on  the  galvano- 
meter g  by  adjusting  d  to  200  ohms.  When  the  key  K  was 
alternately  raised  and  depressed,  the  balance  on  g  was  disturbed 
until  the  elider  B  was  moved  to  the  position  at  which  b  was 
equal  to  100  ohms;  the  tiital  resistance  of  the  slide  resistance 
a  -i-b  was  100  ohms,  that  is  to  say,  a  waa  equal  to  300  ohms; 
then 

300  X  200      „„„    , 
r=    --j-QQ =  600  ohms. 
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E  :  e  :  :  200  +  100  :  100, 


"  181.  The  conditions  for  making  this  test  so  as  to  ohtain  accu- 
Tate  Tesults  must  evidently  be  similar  to  those  specified  in  the 
cases  of  Poggendoi'fT's  test  and  Alance's  test  made  ^th  a  slide 
resistance.  The  nature  of  the  method,  however,  is  such  that 
we  cannot  obtain  the  conditions  which  are  best  for  the  Poggen- 
dorff  test  without  impairing  the  conditions  necessary  for  making 
the  Mance  test  accurately,  so  that  practically  we  must  arrange 
the  resistances  so  as  to  suit  the  conditions  necessary  for  making 
the  latter  satisfactorily ;  at  the  same  time  it  may  be  pointed 
out  that  these  conditions  are  such  as  to  enable  the  Poggendorff 
test  to  be  made  with  a  considerable,  though  not  with  a  veri/  high, 
degree  of  accuracy.  As  in  the  case  of  Mance's  test  with  a  slide 
wire  (page  108),  the  conditions  required  are  that  d  shall  be  as 
large  as  possible,  but  not  so  large  that  the  range  of  adjustment 
of  the  snder  becomes  excessively  reduced.  Now,  practically,  a 
slide  resiataoce  would  not  consist  of  more  than  about  100  coils, 
consequently  if  d  were  of  such  a  value  that  the  slider  had 
to  be  set  so  that  h  was  about  10  times  as  large  as  a  (as  would  be 
the  case  when  a  slide  wire  is  used),  then  the  accuracy  with  which 
the  latter  could  he  adjusted  would  be  extremely  small,  being  only 
about  1  in  10,  or  10  per  cent.  To  make  the  tost  satisfactorily, 
therefore,  it  would  be  neccBsary  to  arrange  so  that  the  slider 
would  have  to  come  near  the  centre  of  its  traverse,  even  though 
the  sensitiveness  of  the  whole  arrangement  became  reduced  in 
oousequenoe.  As  long,  however,  as  tufficienl  sensitiveness  is 
obtained,  that  is  to  say,  a  sensitiveness  such  that  a  movement 
of  the  slider  from  its  correct  position  to  either  of  the  contiguous 
coils  produces  a  perceptible  diaturhancc  of  the  balance,  then  the 
nearer  we  can  get  the  slider  to  the  centre  the  better.  It  would 
not  do,  however,  in  any  case  to  pass  beyond  the  centre  point, 
for  in  this  case,  although  the  error  made  in  a  by  the  slider  being 
one  coil  out  of  adjustment  is  small,  yet  the  error  made  in  b 
becomes  comparatively  large.  Now,  in  order  that  we  may  be 
able  to  get  the  slider  near  the  centre  of  its  traverse,  it  would 
be  necessary  that  d  should  be  approximately  equal  to  r,  but 

|,  siuoe,  in  order  to  obtain  balance  in  'the  first  instance,  we  must 


I 

I 


a+h-i-d  +  r:a  +  b, 
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d  could  not  be  made  equal  to  r  unless 


Now  if  E  and  e  were  both,  fixed  quantities  and  were  not  of  snob  J 
relative  values  that  the  above  equation  held  good,  then  it  would  1 
be  impossible  to  obtain  tbe  conditions  necessaiy  for  making  the  I 
test  tavourably;  the  method  of  teatiog  we  are  considering,  ! 
however,  would  usually  be  employed  for  the  purpose  of  meaBUr- 
ing  the  electromotive  force  of  a  battery  in  terms  of  the  electro- 
motive force  of  one  or  more  standard  cells  whose  number  could 
be  varied  to  suit  any  particular  requirement ;  in  such  a  case  it 
would  uanally  be  possible  to  give  to  e  the  value  which  would 
enable  the  above  equation  to  be  satiisfled.  Thus,  for  example, 
suppose  the  resialance,  r,  of  the  battery  E  were  estimated  to  be 
about  100  ohms,  and  suppose  the  slide  resistance  a  +  6  consisted 

I    of  100  coils  of  10  ohms  each,  that  is,  1000  ohms  in  all,  then  we  ^M 
must  have  ^| 

-  ElOOQ  _  ElO  'H 

*"  1000  +  (2  X  100)~     12'  H 

that  is  to  say,  the  electromotive  forces  of  the  batteries  E  and  ^^| 
should  be  in  the  proportion  of  10  to  12,  Now,  it  is  evident  thatH 
if  E  were  a  battery  of  one  or  two  cells  only  then  it  would  prac- 
tically be  impossible  to  give  to  e  the  required  value,  but  if  E 
consisted  of  a  considerable  number  of  elemente,  20  or  30  for 
example,  then  there  would  be  no  difficalty  in  adjusting  e.  From 
these  considerations  it  must  be  evident  that  Fahie's  method, 
although  extremely  ingenious  and  elegant,  and  in  some  special 
eases  very  convenient,  is  very  limited  in  its  application. 

182.  With  respect  to  the  Pomble  degree  of  accuracy  ailaiiiabU, 
this  as  regards  tbe  reaslanee  test  is  directly  dependent  upon  the 
accuracy  with  which  we  can  adjust  the  ratio  of  a  to  h,  thus  if 
a  -|-  b  consisted  of  100  coils,  then  if  the  ratio  of  E  to  e  were  such 
that  the  slider  when  adjusted  stood  near  the  centre  position  of 
its  traverse,  the  error  caused  by  the  slider  being  1  coil  out 
of  position  would  be  1  in  60  in  a,  and  1  in  50  in  h,  consequently 
the  total  error  would  be  1  in  26,  or  4  per  cent.  With  n  ooile,  in 
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approximately  100  ohmB,  a  slide  roaiatance  having  100  coils  (tii_ 
of  10  olims  each  was  employed.    What  was  the  grealeet  poesAbtm 
degree  of  accuracy  attainable  ? 

100  L100  +  (2xlO^]  ^  i         ,,„,. 
'"  100(600+  100)  5i«it.Hui.. 

a  up,  then,  we  have 

Be*l  Conditions  for  making  the  Test. 

E(a  +  6) 
o  +  6  +  2r 

lately,  r  being  the  approximate  resistance  of  the  bat^l 

Potgible  Degree  of  Acwfacy  altainahle. 

lQO[b(n  +  d)  +  ad] 


Percentage  of  accuracy 
If  a  =  6,  and  d 

Percentage  of  accuracy 


id  n  is  large,  then 

100  (»  +  2  r) 
n(H-,)     • 


n  in  hoth  cases  being  the  nnmber  of  coils  of  which  the  slide 
resistance  is  composed. 

184.  It  may  be  as  well  to  point  out  that  Faliio's  test  cannot 
be  made  {except  under  very  exceptional  circumstances,  rarely 
met  with  in  practice)  with  a  slide  wire ;  for,  as  a  rule,  the  latter 
has  such  an  extremely  low  reBistanoe  that  it  would  be  impoa- 
sible  to  obtain  equilibrium  in  the  first  instance ;  the  proportion 

E  :  e  ::  r  +  d  +  a  +  h  :  a  +  b, 


which  ia  necessary  for  equilibrinm,  could  not,  in  fact, 
unless  the  resistance  of  the  battery  E  and  the  resistance  d  wetm 
both  extremely  small ;  in  which  case,  moreover,  the  latter  wouir 
have  to  be  adjustable  to  a  very  small  fraction  of  an  ohm, 

Clask'h  Method. 


]e  latter  ^t 
)  impoa-  ^M 
iportion  ^M 

satisfiect'^H 
i  d-mar^^M 

1 


185.  This  is  avalnable  modification  of  Poggendorff'smethod, 

ind  is  shown  in  theory  by  Fig.  48.     a  b,  which  takes  the  place 

l:ifB  ia  PoggendorS'e  method  ^page  143),  is  a  slide  resistanoe ; 
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E3  is  a  third  battery  which  is  conneotod  to  a  slider  throogh  a 
galvanometer  G,. 

Kow  if  we  stippoee  equilibrium  to  be  obtained  in  both  gal- 
Tanometers,  we  must  have  from  [5],  page  143, 

a  +  6. 


E,:E,::r,+  p  +  <.+  t 

and  alflo 

E,:E,;:i-+p  +  a  + 

from  which  v 

reget 

E,;E.::.  +  l:  , 

If  then  we  take  o  -j-  6  to  represent  the  electromotive  force  of 
the  standard  battery  E„  a  will  represent  the  electromotive 
force  of  the  battery  Ej. 


In  making  this  test  practically,  the  battery  E,,  which  would 
be  the  trial  battery,  being  disconnected  from  the  elide  resist- 
ance, balance  would  be  obtained  with  the  standard  battery  Ej 
by  adjusting  p  nntil  no  deflection  is  observed  on  the  galva- 
nometer Gi.  E,  would  then  be  connected  up  and  the  aUder 
moved  until  no  deflection  is  observed  on  the  second  galvano- 
meter Gj. 

The  great  advantage  of  Clark's  method  ia  that  both  the 
standard  and  the  trial  battery  are  compared  under  the  same 
conditions,  that  is,  when  no  current  is  flowing  in  either  of 
them  ;  this  is  a  great  point,  as  errors  due  to  polarisation  are 
avoided. 

1B6.  It  must  be  evident  that  if  equilibrium  ia  not  produced 
with  the  trial  oell,  then  the  balance  in  the  standard  cell  circuit 
will  also  be  disturbed  ;  it  would  therefore  seem  to  be  possible  to 
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dispense  with  the  galYanoraeter  G,,  tut  inasmuch  ae  the  current 
which  would  flow  through  the  galvanometer  Gi  would  only  be 
a  fraction  of  that  flowing  out  of  the  battery  Ej,  we  should  not 
ible  to  make  a  measurem-ent  with  nearly  such  a  degree  of 
accnraoy  as  we  could  if  we  employed  the  galvanometer  Ga, 
which  would  be  acted  upon  by  the  fiill  force  of  the  current. 

187.  To  determine  the  best  arrangement  of  resiatanoes,  &c,, 
for  making  the  test,  let  us  suppose  that  there  is  a  smiill  error.  A, 
in  Ej,  caused  by  a  corresponding  small  error  in  a,  and  let  us  find 
what  efiect  this  error  has  upon  the  current  which  would  flow 
through  the  galvanometer  Uj.  Supposing  then  that  a,  is  the 
new  value  of  a  which  causes  this  error,  then,  keeping  in  mind 
'  that  a  4-  &  being  a  elide  resistance  is  not  altered  by  changing  a, 
we  have 


-  (?L±.^>  ("  +  '') 


[1] 


[2] 


We  next  have  to  determine  what  the  curient  flowing  through 
the  galvanometer,  when  equilibrium  is  disturbed,  is  equal  to. 

Beferring  to  Pig.  49,  in  which  m,  n,  a,  b,  and  g,  represent  the 
■eaistances,  and  c,,  Cj,  Ca,  k„  and  k,  the  current  strengths  in  the 
various  circuits,  we  have  by  Kirchofi'a  laws  (page  134) 


I 


^,  +  Cs  +  Cj  - 


=  0 


c,  m  +  K,  Oi  +  «j  6i  -  E,  = 
cjn  +  K,a,  +  Kth  -  E,= 
C3  G,  +  K,  o,  _  E,  =  0. 


Wo  know  also  that 


«,  +  t,  : 
=  a  +  b. 


By  flnding  then  the  value  of  Ci  from  the  first  equatioi 
eubatitating  Hm  value  tliroughout  the  others,  and  then  s 


ttvoa^oat  lad  an  tm,  aad  also  sBlKtitating  tke  vatve  of  ^ 
nWaifil  fra^&epropartMB,and  again  tlte  ralve  o(*i  +  k),  w« 


-i"-^^.) 


M 


If  in  this  eqoatioD  we  Bubetitate  the  value  of  a,  giT^n  by 
eqvatioD  [2],  we  shall  get 


G.-t 


'■('■^■i^.) 


a  +  !.+  - 


G,  ■ 


"('+^) 


«  +  a 
or  as  a,  and  b,  are  very  nearly  eqaal  to  a  and  t,  we  nifty  say 

t- /    ..,■  w 

: 


a  +  i+- 


+  • 


I  On  examining  this  e<]uatioii  vs  see  tbat  to  ntalto  Ci  as  Iitri/e 

-C+.^a) 
t  possible  we  mnst  make  — ^^ — — ^  -  -  as  small  as  possilik', 

but  we  alao  see  that  it  is  no  use  making  it  much  smaller  tlinii 
Gu  as  Cj  is  but  very  little  increased  by  ao  doing. 


pNow  the  quantity 


bined  in  multiple  arc  with  the  reeistance  6  plus  *n  and  n  oombined 
in  multiple  arc,  oonaeiiuently  thia  quantity  can  uever  be  greater 
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than  a.     Ab  long  therefore  as  a  ie  smaller  than  O,,  the  highest^ 
Ttklues  that  can  be  given  to  the  other  reBJstances  cannot  make 


Cj  less  than  - 


,  whilst,  on  the  other  hand,  however  low 


.est^l 
akeV 

the  V 


G.  +  a' 

make  these  resiBtancfis,  we  can.  never  make  c,  greater  than  j^ 

The  Talue  therefore  we  give  to  a  practically  determines  the 
aeneitivenesB  of  the  ayateia.  But  as  a  is  only  a  portion  of  tho 
'  slide  reaiatance  o  +  &,  anil  as  it  may  include  the  whole  of  the 
I  latter,  as  for  instance  when  the  slider  is  moved  quite  to  the  end 
a-\-b,  the  sensitiveness  is  practically  dependent  upon  the 
value  given  to  o  -|-  fr.  This  must  then  be  made  as  much  lower  , 
than  Gj  as  may  be  desirable. 

It  woiiid  not  do,  however,  to  have  its  reaistance  exeesBively  I 

low,  for  the  following  reason  ;—  I 

In  order  to  get  equilibrium  on  the  galvanometer  Gj,  it  is  J 

y  that  the  relation 


E,  :  E,  : 


■,  +  P  +  o  +  6  :  a  +  6, 


ahould  hold  good.      Thia  cannot  he  the  case,  however,  if  - 


is  greater  than 
■i  +  P 


I  +  b  i  that  IB  to  say,  if  a  -f-  ^  ia  very  small  I 


must  be  very  small  bIbo  ;  but  to  make  the  latter  small  M 

1  we  must  make  E,  large  and  fi  +  p  small,  but  since  r„  the  resist* 
I   anoe  of  E„  will  increase  by  inoreasing  E,  it  may  be  imposaiblaa 
to  do  this.     Piaciically  we  may  say  the  reaiatance  of 
should  be  a  fractional  value  of  Gj. 

.  Let  ua  now  determine  the  Poisible  degree  of  accuracy  I 
aUainahh  by  the  method.     In  equation  [1]  (page  160J  we  have  ' 
supposed  that  an  error  A  has  been  caused  in  E,  by  a  being  out  of 
adjustment ;  that  is  to  eay,  frum  the  slider  being  moved  a  little 
too  far,  ao  that  a  becomes  o,.     If  we  call  ip  the  distance  the 
slider  baa  been  moved  beyond  ita  correct  position,  then  we  have  \ 

a  +  fe         a-^b      a^V 


Ej  +  A.  = 
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that  is  to  Bay,  the  distance  the  slider  is  out  of  poaition  re- 
presents directly  tbo  error  X  in  Ej.  The  degree  of  aceuraoy 
therefore  with  which  we  adjuBt  the  poaition  of  the  slider  will 

Kthe  degree  of  aceuraoy  with  which  we  can  measure  Ej. 
We  have  pointed  out  that  if  a  -f  6  is  email,  then 


<^^£i~:) 


6  +  - 


vill  be  sniftller  still ;    if  therefore  Gj  is  large  compared  wifh 
a  +  6,  equation  [4]  (page  161)  becomes 


r 


this  eqnatiou  '? 


i  put  the  vtilue  of  X,  given  above,  v 


-  This  equation  enables  «b  to  determine  what  movement  of  the 
slider  produces  a  perceptible  deflection  on  the  galvanometer. 
With  a  Thomson  galvanometer  of  6000  ohms  resistance  and 
figure  of  merit  =  1,000,000  (page  47)  we  should  have,  supposing 

fto  be  1  volt, 
0 500Q  _        1 

a  +  b  "  1,000,000,000  ~  200,000 ' 

or  a  movement  of  the  slider  equal  to  nnr^inny*^  of  ^^  length  of 
n-\-h  would  produce  a  perceptible  deSection  ;  that  ia  to  say,  we 
coold  determine  the  acoumoy  of  an  electromotive  force  E,  of 
it  1  volt  to  an  accuracy  of  gaa'aouth-  ' 


^^Iffitt  1 


164 
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To  obtain  this  accuracy,  howeTer,  it  would  be  neceBsary  to 
have  the  ■wire  a  +  b  graduated  into  200,000  parts,  each  of  which 
would  be  very  amall,  unless  indeed  the  wire  were  very  long. 
If  a  leseer  number  of  gradaations  were  employed,  we  could 
practically  subdivide  each  of  them  by  noting  what  the  galvano- 
meter deflectionB  were  when  the  §lider  stood,  firat  at  one 
division  mark,  and  then  at  the  contiguous  mark. 

Suppose  the  slider  stood  at  a  distance  a  from  the  e 
slide  wire,  and  a  deflection  due  to  a  current  c,  v 

ne  eide  of  zero,  and  suppose  that  when  the  slider  v 
1  division  forward,  that  is  to  a  +  1,  the  deflection  v 
other  side  of  zero,  or  was  prodnoed  by  a  current  —  c^. 
have  from  equation  [3]  (page  IGl),  since  a  and  a  +  1  are  veiy  I 
nearly  equal, 


)nd  of  the 
i  produced 


Theuw 


a  +  b 


therefore 


C,)=D,; 


'     ■     ^ c,  +  c. 

The  subdivision  of  the  division  beyond  a  ia  therefore  given 
by  the  fraction  — -J—  •  We  have  seen  that  we  could  get  a 
deflection  of  1  division  on  the  galvanometer  if  the  slider  were 
moved  a  distance  of  .7uiiTucro''''i  beyond  the  diatanoe  required  to 
give  equilibrium.     If  the  wire  a  +  b  were  divided  into  20,000 

Sarts,  then  a  movement  of  the  slider  through  1  part  or 
ivision  would  give  10  divisions  of  deflection  on  the  galvano- 
meter, each  division  representing  a  tenth  of  one  of  the  wire 
^raduationa.  If  in  making  a  measurement  we  got  a  deflection 
of  7  divieionB  (c,^  to  the  left  when  the  slider  stood  at  a  distance 


4 
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^^B  a  from  the  end  of  the  wire,  and  a  deflection  of  3  divisions  (e,)  ^M 

^^H  to   the  right  when  the  alider  was  moved  1  wiro  graduation  ^M 

^^H  bejond  a,  then  the  position  of  the  slider  for  exact  equilibrium  ^M 

^^H  'Would  be  ^M 

■  "  +  ffs^»  +  -'-  I 

^^^    The  galvanometer  can  thus  be  made  to  act  as  a  vernier,  and  the    ^ 
greater  the  deflection  produced  by  a  movement  of  the  alider 
thrciugh  one  division  of  the  graduated  wire,  the  greater  will  be 
the  accuracy  with  which  a  test  can  be  made. 

The  general    results    that  ^e  arrive  at  from  the  foregoing 
I  investigations  are  as  follows : — 

I  .  Begl  CondiUom  for  making  the  Test. 

189.  Let  the  slide  wire  a  ■+-  6  be  a  fractional  value  of  the 
'  resistance  of  the  galvanometer  Gj,  but  not  so  low  that  it  is  lees 

I      ^ 

I      The  valnaa  given  to  the  other  resistances  and  electromotive 
■  fcrcea  do  not  i^ect  the  sensitiveness  of  the  arrangemeat. 

Potaible  Degree  of  Accuracy  ailainahle. 

T>         *         ,                    c,G-,  100 
Percentage  of  accuracy  = = . 

190,  Mr.  Latimer  Clark  employs  a  platinnm-iridinm  wire  of 
40  ohms  resistance,  wound  spirally  on  an  ebonite  cylinder,  for 
the  slide  resistance.  The  edge  of  the  cylinder  being  divided 
into  1000  equal  parte,  and  there  being  twenty  turns  to  the 
cylinder,  the  whole  wire  is  divided  into  20,000  equal  parts. 
By  employing  with  this  instrument  (which  combined  with  the 
batteries  and  resistances  ia  called  a  "  Potentiometer  "}  a  galvano- 
meter with  a  high  figure  of  merit,  and  a  standard  battery  Ej  of 
one  DanieU  cell,  a  1  division  movement  of  the  slider,  after 
eqttilibrium  has  been  produced,  will  produce  a  deflection  of  60 
divisions.  It  is  possible,  therefore,  to  measure  an  electromotive 
force  of  one  Danioll  cell  to  an  accuracy  of 

1  ■  1        th 

20,000  X  50       1,000,000 
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CHAPTER  VIII. 

THE  WHEATSTONB  BBIDGE. 

191.  The  theoretical  arrangement  of  the  Wbeatattine  Bridge, 
I  «r  Balance,  ie  ahowa  by  Fig,  50.  It  consists  of  four  resistancea 
I  a,  b,  d,  and  x,  arranged  in  the  form  of  a  parallelogram,  a  battery 
[  occupying  the  place  of  one,  and  a  galvanometer  the  place  of  the 
I  other,  diameter.     When  the  four  rcfiiatancce  are  bo  adjusted 

Fia.  50, 


that  eqnilihrinm  is  produced,  that  ia  to  say,  when  no  current 
pasaea  through  the  galvanometer,  then  these  resiatances  bear  a 
certain  relation  to  one  aaothe'r.  This  relation  may  he  thus 
determined ; — 

When  equilibrium  is  produced,  then  since  there  is  no  ten-  1 
dency  for  a  current  to  flow  between  the  poiuta  A  and  C,  the  \ 
galvanometer  may  be  removed  without  altering  the  strengths 
of  current  in  the  other  parts  of  the  bridge ;  and,  further,  we 
may  join  the  points  A  and  C  without  aflecting  tbe  strengths. 
Let  us  first  suppose  the  poiuta  A  and  0  to  be  separated; 
then  the  joint  resistance  given  by  the  four  resiatances  between 
the  points  B  and  E  will  be  ■* 

t  +  '  +  b  +  i 


THE    WHEAT8T0NE    BEIDQE.  167 

e  join  A  and  C,  the  roaistance  may  be  written 


a  +  b^d  +  x' 
I 'which  must  be  equal  to  the  former  expreBsioa,  that  is, 

(a  +  a:)(6  +  ^)^     ab  dx 

a  +  x  +  b  +  d        o  +  ftd  +  ie 

By  nraltiplying  up  and  Bimplifying  -we  get 
a^(f  +  6%*  -  2ahdx  =  0 ; 


erefore 

J  which 


(ad  -  bx}^  =  0, 


[   If,  now,  three  of  the  qaantitiea  in  this  equation  are  known, 
6  fourth  can  be  determined;  thus  ; — 


In  the  most  general  form  of  bridge,  two  of  the  reaiBtances  are 
'  fixed,  and  a  third  is  adjustable,  the  fourth  being  the  resiatance 
'whose  value  is  to  be  determined. 

As  a  rule,  we  should  make  a  and  b  the  fixed  resistanoea,  x  the 
resistanoe  whoso  value  it  is  required  to  find,  and  d  the  adjust- 
able resistance. 

In  the  simplest  method  of  measuring  wo  should  make  a  and  b 
of  equal  value,  in  which  case 

x  =  d; 

that  is  to  say,  the  resistance  which  is  between  A  and  E  when 
flqnilibrinm  is  produced,  gives  the  value  of  the  unknown 
T^istance. 

It  is  absolutely  necessary  that  there  be  some  resistance  in 
and  6,  for  otherwise  the  galvanocioter  is  short-circuited,  and 

3,uilibrinm,  as  far  as  the  galvanometer  is  concerned,  wilt  he 
ways  produced,  no  matter  what  resistances  we  have  ii 
other  two  brancheB. 

193.  Besides  using  equal  resistances  in  a  and  b,  we  can  make 
B  of  the  two  to  he  10  or  100  times  as  great  as  the  other,  or,  in 


I 
I 
I 
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fact,  any  multiple  of  it  we  like,  but  multiples  of  10  are  those 
it  commonly  used.     If,  when  we  are  measuring  a  resistance 
re  m.ako  6  10  times  as  large  as  a,  then  every  unit  of  resist- 
ance in  d  reproBents  ^th  of  a  unit  in  x,  for  in  diis  case 


100 

We  can,  therefore,  by  this  device  determine  the  value  of  a  ( 
resiBtance  to  an  aociiracy  of   j'^th  of  a  unit,    although   d   ia 
adjustable  only  to  units.     In  like  manner,  if  we  make  b  100 
times  aa  large  as  a,  then  every  unit  of  resistance  in  d  represents 
yjgth  of  a  unit  in  a: ;  for  in  thiB  case 


100 

and  we  can  thus  determine  the  value  of  a  resistance  to  an  | 
accuracy  of  y^th  of  a  unit.  In  the  first  instance,  however, 
the  value  of  d  when  adjusted  ■would  be  10  times  that  of  x;  we 
could  not,  therefore,  in  that  case  measure  a  resistance  whose 
value  was  greater  than  iiflth  of  the  total  resistance  we  could 
insert  in  d ;  and  in  the  second  instance  d  would  be  100  times 
as  great  as  x ;  we  could  not,  therefore,  in  that  case  m 
resistance  greater  than  y^th  of  the  total  resistance  in  d.  In 
feet,  the  larger  we  make  d  the  closer  will  be  the  degree  of 
accuracy  with  which  a  measurement  can  be  made,  but,  at  the 
same  time,  the  smaller  will  be  the  resistance  which  can  be 
measured,  unless  extra  resistance  coils  are  added  in  between 
A  and  E. 

There  is,  however,  a  limit  to  the  degree  of  accuracy  with 
which  a  resistance  can  be  thus  measured,  which  is  dependent  J 
upon  the  sensitiveness  of  the  galvanometer;  of  this  we  shall v 
speak  hereafter.  m 

If,  now,  we  wish  to  measure  a  resistance  which  is  greater  ' 
than  the  total  resistance  wo  can  insert  in  d,  we  must  make  a 
larger  than  h.  If  a  be  made  10  times  as  great  as  i>,  we  can  then 
measure  any  resistance  which  is  not  greater  than  10  times  the 
reaifitanco  we  can  insert  in  d ;  but  as  in  this  ease  1  unit  in  d 
represents  10  units  in  x,  we  can  only  be  certain  of  the  value  of 
K  within  10  units.  In  like  manner,  if  we  make  a  100  times  as 
great  as  b,  we  can  measure  any  resistance  which  is  not  greater 
thau  100  times  d,  but  we  can  only  determine  its  value  within 
100  units. 

193.  The  practical  method    of  joining  up  one  form  of  the 
bridge  (Figs,  6  and  7,  page  13)  is  shown  by  Fig.  51.    When 
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1 


the  conneotions  are  made,  and  the  proper  plugs  removed  from 
A  B  (6)  and  B  0  (a),  the  rigkt-haaii  key  must  bo  pressed  down 
to  pat  on  the  battery  current.  I'luga  are  now  removed  from 
p  JEi  A  (iJ)  until  we  have  inserted  a  resistance,  as  near  as  we  caa 
raese,  eqiial  to  the  resiataDoo  ^ve  are  going  to  measure.     The 


'left-hand  (galvanometer)  key  i&  next  pressed  down,  and  plugs 
removed  or  shifted  from  E  A  (d)  until  no  movement  of  the 
galvanometer  needle  is  produced  upon  raising  and  depressing 
the  key.  The  connections  in  the  case  of  the  set  of  coila  shown 
by  Figs.  4  and  5  (page  12)  would  be  similar  to  the  foregoing, 
bat  separate  keys,  in  circuit  with  the  battery  and  galvanometer 
respectively,  would  have  to  be  employed. 

194.  If  the  galvanometer  used  is  a  very  sensitive  one,  with 
a  fine  filar  suepension,  the  key  must  not,  at  first,  be  pressed 
firmly  down,  but  only  snapped  down  sharply  ;  for  otherwise,  if 
eqnilibrium  is  not  very  nearly  produced  when  it  ia  depresaed, 
there  ia  a  danger  of  breaking  the  fibre  of  the  galvanometer 
needle  by  the  violent  deflection.  ^Vhen,  however,  after  repeated 
trials,  we  have  very  nearly  obtained  equilibrium,  thea  the  key 

Ly  be  firmly  depressed,  and  the  final  adjustment  of  plugs  made. 
^  195.  Fig.  52  shows  a  plan  of  the  internal  connections  of  the 
■et  of  resistanoe  coils  which  were  shown  in  general  view  by 
Fig.  8,  page  14.  The  method  of  joining  ttp  these  coils  to 
form  a  bridge  would  be  as  follows  :^The  resistance  to  be 
connected  between  C  and  E,  the  "  Infinity  "  plug 
LOved;   the  galvanometer  is  joined 
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between  A  and  C ;  the  battery  is  connected  between  B  and  E 
The  "  Infinity  "  plug  between  A  and  D  ia  inserted  firmly  ii 
its  place.  Beaides  the  connectionB  referred  to,  it  is  neceaaar 
to  have  a  key  in  circuit  with  the  galvanometer,  and  another  ii 
circuit  with  the  battery. 

Flo.  52. 


1 
I 
I 


An  adyantage  of  the  foregoing  set  of  coils  lies  in  the  fact  that 
there  are  only  five  plugs  to  be  Bnifted,  for  the  insertion  of  these 
plugs  brings  the  resiatancea  iato  circuit,  instead  of  short  cir- 
cniting  them,  as  in  the  ordinary  coila.  The  reading,  also,  of 
the  total  value  of  the  resistance  in  circuit  is  a  very  eaay  matter, 
as  must  be  obvious. 

Inasmuch  as  the  withdrawal  of  a  plug  causes  a  disconnection, 
i.  e.  makes  E  =  so,  great  care  muBt  be  taken  that  the  galvano- 
meter key  is  raiaed  previoua  to  shifting  a  plug,  otherwise  a 
violent  deflection  of  the  galvanometer  needle  will  be  produced ; 
this  fact  renders  the  use  of  the  "  Dial  "  pattern  objectionable  in 
certain  tests,  especially  in  "  fault  "  testing. 

Conditions  roit  Accurate  Measuhemknts. 
196.  Besides  the  method  of  joining  up,  as  shown  by  Fig,  51, 
we  may  also  join  up  by  placing  the  battery  between  A'  and  0, 
and  the  galvanoiueter  between  B'  and  E ;  this,  under  certain 
conditions,  renders  the  action  of  the  galvanometer  more  sensi- 
tive than  by  the  common  arrangement.  What  these  conditions 
are,  and  what  shoidd  be  the  general  arrangement  of  the  reaist- 
ancos  in  the  bridge  in  order  that  a  teat  may  be  made  under 
the  best  possible  conditions  for  ensuring  accuracy,  we  will 
now  proceed  to  consider. 
To  inveatigate  these  questions  it  ia  fii'st  of  all  necessary  to 


1 
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find  what  reUtion  the  eurrent  which  flows  through  the  gal- 
vanometer when  equilibrium  is  not  prodiicod,  boars  to  the 
different  resistances  which  moke  up  the  bridge. 

In  Fig.  53  let  a,  b,  di,  x,  r,  aud  ij  be  the  reaiatonooa  of  the 
differests  parts  of  the  bridge,  also  let  c„  a,,  e,,  c„  Cj.  and  c,  bo 
the  current- strengths  ia  the  same,  aud  let  E  be  the  eleotio- 
motive  force  of  the  battery. 


Applying  Kirchoffa  laws  (page  134),  we  get  the  following  six 
equations  as  re  pies  en  ting  the  uuimcottoii  between  the  resistanoeB, 
current  strengths,  and  the  electromotive  forue : — 

te.-c,-c  =  0.  [1] 

c,-c~c,  =  0.  [2] 

e,+  e,~c,  =  (i.  [8] 

c,r  +  6,d,+cJ>~K  =  0.  [4) 

C,a-cj,-c.j^O.  [5] 

c^,  -  c,^  -  c„g  =  0.  [6] 

m   these  equations  we  have  to  find  the  value  of  c^,  the 
current  flowing  through  the  galvauometer. 

By  finding  the  value  of  c,  from  equation  [1]  and  substituting 
its  value  in  equations  [2]  and  [6]  we  got  rid  of  c, ;  and  in  like 
manner,   by    findinfj   the  value    of  e^   from   equation  [3]  and 


substituting  throughout  wo  get  rid  c 
same  proc«s8  with  respect   to  c,  and  c,   ■■ 
equations  [6]  and  [6]  to  become 
"■  Jieh  - 


-W  +  ") 


'  adopting  the 
ihall  finally  get 


r 

I 
I 
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From  these  two  equationB  we  get 

c,  {r{a+b)+a(b+d,)i      c,(ad,'+bd,+bg+d^^  +  Bia+b)       L'J 

from  wMch 

E  {ad,  -  ii) ___^ A 

Thia  equation  gives  the  strength  of  the  current  which  wonld 
flow  through  the  galvanometer  if  the  resistances  were  arranged 
as  shown  by  Fig,  53. 

197.  Suppose  now  the  battery  occupied  the  place  taten  by  the 
galvanometer  and  rice  vered,  or  in  other  words,  BuppOHe  the 
galvanometer  connected  the  junctions  of  a  with  6,  and  d,  with 
X,  and  the  battery  connected  the  junctions  of  a  with  a:,  and 
6  with  di,  then  the  ourrrent  {e-,)  flowing  through  the  galva- 
nometer would  be 
B(a<i,  -bx) 

If  we  subtract  equation  [9]  from  equation  [8]  W' 
,       ,       A       A  A 

and  if  in  (B,  —  Bi^  we  substitute  the  values  of  B,  and  Bj  given 
in  equations  [8]  and  [9],  re&pectively,  and  then  multiply  up, 
cancel,  &c.,  we  finally  get  ■ 

In  this  equation,  if  g  ia  larger  than  r,  and  both  a  and  a;  are 
respectively  larger  or  smaller  than  d,  and  b;  or  if  c  is  greater 
than  g  and  at  the  same  time  both  a  and  b  are  greater  than  d,  and 
X,  then  e,  —  c,  will  be  a  positive  quantity,  that  is,  o,  will  be 
greater  than  c,. 

But  Cfl  is  the  current  obtained  hy  the  arrangement  of  the 
bridge  indicated  by  rig.  53  ;  and  on  examination  it  will  be 
found  that  when  the  resistances  have  the  relative  magnitudes 
indicated,  the  greater  of  the  two  resistances  g  and  r  connects  the 
junction  of  the  two  greater  with  the  junction  of  the  two  lesser 
resistances ;  consequently,  as  this  arrangement  gives  the  greatest 
current  through  Uie  galvanometer  when  equilibrium  is  not 
produced,  it  must  be  the  best  one  to  employ.  ■ 

In  practice  it  is  almost  always  the  case  that  the  galvanometer  J 
Maa  a  higher  resistance  than  the  testing  battery. 


J 
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198.  We  have  next  to  consider  what  should  he  the  relative 
TBilneB  of  a,  b,  d,  and  x,  in  order  that  the  bridge  test  may  be 
made  under  the  beet  possible  conditions. 

There  are  several  different  considerations  involved  in  these 
questions,  but  we  will  investigate  the  problem  from  a  general 
point  of  view  first. 

Eqnation  [81  shows  the  relation  between  the  current  and  the 
rssiataiices.  In  this  equation,  ua  equilibrium  is  very  nearly 
produced,  we  may,  except  whero  differenoes  are  concerned,  put 


ad^  =  ad  = 


b  =  —, 


md  being  the   adjusted  resistance  when  equilibria 
lpiodu<»d. 

We  then  get 


1  is  exactly 


■  [1] 


'  |j(i.  +  .)  +  o(d  +  .)}  [r(a  +  .)  +  dia  +  x)y 
US  now  suppose  that  the  error  in  d^,  which  causes  the 
Bonrreat  e„  produces  an  error  X  in  ic,  or  that 


iSia  +*)  +  a  (d  +  ^)}  {r(d  +  x)+d(_a  +  «)} 


i{.  +  ,  +  .+0(j,+.+.+'_-| 


m 


m 

Now  our  object  is  to  make  A  as  small  as  possible,  and  this  wa 
shall  do  by  making  the  error  in  d  as  small  as  possible.  But  the 
accuracy  with  which  wo  can  adjust  d  is  limited  by  the  degree 
of  cloBeness  with  which  the  movement  of  the  galvanometer 
needle  from  zero  can  be  obsci-ved.  In  other  words,  if  Cj  is  the 
smallest  current  which  will  produce  a  perceptible  deflection  on  the 
ealvanometer,  that  is  to  say,  if  c,  is  the  reciprocal  of  its  "  figure 
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of  merit "  (page  47),  then  the  value  of  X  which  oorresponds  to  Cg 
will  be  the  amount  of  the  error  which  we  are  likely  to  make  in  x. 
If  we  write  equation  [3]  in  the  form 


a^{^+(i7  +  a^+~)M^  ■*■/ 


X=  ^ ±±^±a^       [4;, 

we  can  see  that  X  is  smallest  when  the  numerator  of  the 
fraction  is  smallest,  and  we  must  determine  the  values  of  d  and 
a,  which  make  this  numerator  as  small  as  possible. 

In  order  to  do  this  let  us  simplify  the  above  equation  by 
putting 

we  then  get 


^^HMIHI 


or 


E 

XY 


CqTX 


Y  +  X  +  (d  +  -^)| 


X ^ —^ ^  .  [A] 

From  this  equation  we  can  see  that  to  make  X  as  small  as 
possible  we  must  make 

as  small  as  possible. 
Now  

and  in  order  to  make  the  right-hand  side  of  the  equation  as 
small  as  possible,  we  must  make 

Ajd 
as  small  as  possible ;  that  is  to  say,  we  must  have 

_      VXY      -  .-J      VXY 
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from  wMcli  we  get 

d  =  VxTY; 

that  is  to  Baj,  tve  mast  make  d  equal  to  the  geometric  mean  of 

the  quantitiea  (g  +x  +  —  )and( ; —  )■ 

V^  a  /         \r  +  at  +  oy 

Now,  ftlthongh  the  value  "  d  =  V  X  Y  "  is  one  which  gives  a 
mininium  value  to  X,  yet  it  ia  not  the  value  which  raaliea  K  an 
e^diile  miuimum,  for  X  and  Y  both  contain  the  variable  quan- 
tity a.     In  ordeTj  therefore,  to  make  k  ao  absolute  minimum, 

we  must  determine  what  value  a  should  have. 

|-  If  in  equation  [A]  we  put  d  =  V  X  Y,  we  get 


Cgricf 


E 


(Y+  X  +2Vs  Y 


I  In  order  to  make  X  an  absolute  m 
ut  moke  =■  a  minimum.     Now 


LH-vf 


[B] 

can  Bee  that  we 


Y         /        rx        \        ^  a  /  \        ro!       / 


consequently  we  can  see  from  the  reasoning  in  the  previoua 
investigation,  that  to  make  =:  a  minimum  we  must  make 


-^<-:^. 


[0] 
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Having  now  obtained  the  reijuired  valne  of  a  in  terma  of  the 
known  quantities,  r,  g,  and  x,  we  can  also  determine  the  valne 
of  d  in  termfl  of  r,  g,  acd  x;  for  we  have 


/  , , 

-  1        '" 

"                   ) 

/  '' 

'     /('■+«)s 

-'  '"^V^^ 

/  (j+«)V 

r+i+V(j+n)s 

X    1               rx-Jg+x 

Vr+=. 

IC-i-^JVff+aji-VCr+xV 

V[ 


VfSl''^*'^^^''"! 


f+«*'?+a:+V?«| 


=  ,/(S  +  «), 


+  • 


[D] 


199.  Although  equations  [CJ  and  [D]  show  the  values  of  o  1 
and  d  which  are  necessary  for  making  the  error  k  an  oWIttto  | 
minimum,  yet  practically  we  may  make  both  a  and  d  to  vary 
considerably  from  these  exact  values  without  increaaing  X  to 
ajiy  great  extent. 

As  regards  d  it  is  preferable  to  make  it  as  high  as  possible,  bo 
that  its  range  of  adjustment  may  be  as  high  as  possible.  Eeferring 
to  equation  [4]  {page  17i),  we  have  proved  that  for  an  absolute 
minimum  we  must  make  d  equal  to  the  geometric  mean  of  the 

quantitieB(£?4-a;+ —  )ai»d  f^r — I")'   ^^^sequently 

can  B©6  that  in  this  case  d  must  be  less  than  {g  +  x-\ ^J 

If  we  suppose  the  value  of  d  for  a  minimum  to  be  very  emftUl 
compared  with  (  g  +*  +  —),  then  we  can  Bee  that  even  if  ^ 

increase  d  up  to  an  equality  with  (g-\-x-\ l,we can- 

I    not  increase    \  beyond  twice   its  mininium  value,  especially  1 
Li/"  we  consider  that  by  increasing  d  we  diminish  the  value  ofj 
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■<<*'/       rx        \  V  .     If  we  only  mereafle  d  ap  to  g  +  x, 

C         {r  +  x  +  aJi 
then  X  will  of  coTirae  be  looreaaod  still  less.     SboTild  the  -value 
of  d  for  a   minimum   happen   to   be   only  a  little  less  than 

(g  +  a>  +  —V  tbeuo 

oourae  the  increase  of  d  referred  to  will 

h&Te  but  little  effect  o 
d  below  g  +  x,  the  inc 
mderably  lesa.  than  2  A 
seen  if  we  Buppoae  g,  x 

n  K.      In  any  oaae,  howeirer,  by  keeping 
rease  in  X  most  be  lesa,  and  may  be  con- 
The  importance  of  this  fact  may  be 
and  r  to  have  the  following  vuluea  : — 

9  = 

i899,   a;  =  1,  r  =  100, 

-^/ 

must  make 

(«»+')S^;=™^       ' 

but  we  have  proved  that  if  we  may  make  "  d  —  (4899  +  1)  = 
5000,"  then  by  so  doing  we  cannot  possibly  increase  A  to  more 
than  2  X,  and  actually  the  increase  must  bo  to  less  than  2  A. 

We  next  have  to  consider  to   what  extent  wo  may  vary  a. 
To  do  this  let  ua  write  equation  [3]  in  the  form : — 


a  see  tliat  if  d  has  tho  value  necoBsary 
I  as  long  OS  we  <Io  not  make  a  leas  than 

— ~ —  we  cannot  possibly  increase!  A  to  more  than  2X.     But  then 

the  queation  arises — Suppose  we  have  already  increased  A  by 
making  d  aa  great  ^b  g  +  x,  under  these  conditions  what  will  be 

the  effect  of  also  decreasing  a  fo  ^^J 

If 
gatii 


e  refer  to  the  last  equation,  we  oau  see  from  the  investi- 
made  in  tho  case  of  equa-tion  [4]  (page  174),  that  tho 
f  a  which  makes  A  a  minimum  must  be 


■'>/{■■+ ''i)is-:0Ti)' 
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and  this  value  is  one  whicli  Tualces  X 

the  value  of  d,  though  to  make  K  an  absolitte  mmin 

also  have 

Now,  if  wo  increase  d,  we  can  see  that  to  make  X  a 

shall  have  to  decrease  the  value  of  a,  for  by  increasing  d  v 

deoreaBe  hoih(r  +  x  +-^\  ajid  (  —        \j)'  consequently  t 


I  after  d  has  been  increased  will  tend  to  decrease 
again  the  increased  value  of  X.     We  cannot,  however,  bring 
back  A.  to  ite  original  absolute  minimutn,  although  we  may  bring 
r  to  it ;  for  after  a  certain  point  the  decrease  in  the  value 
inseB  \  to  increase  again  ;  as  long,  however,  as  we  avoid 


making  a  less  than  - 


this 


cannot  be  great. 


As  the  value  which  d  has  must  depend  upon  the  value  giveiiJ 
to  6,  therefore  after  we  have  determined  what  values  to  give  tgJ 
a  and  d,  we  mnst  ascertain  tlie  value  of  b  from  the  eqnatii 


For  example. 

It  being  required  to  measure  exactly  a  resistance  x 
value  was  found  by  a  roufrh  test  to  be  about  500  ohms,  a  ten-o 
Daniell  battery  (E  =  10'7)  whose  rcEistance  was  200  ohms  (r)l 

B  used  for  the  purpose,  and  also  a  galvanometer  whose  resist-  f 

auce  was  5000  ohms  (g)  and  figure  of  merit  1,000,000,000  (  -\. 

What  resistances  should  be  given  to  the  arms  a  and  6  of  the 
bridge  in  order  that  the  test  may  be  made  under  the  moat 
favourable  conditions,  also  what  percentage  of  accuracy  would 
be  obtainable  under  these  conditiuns? 
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^^Bbo  we  mUBt 

^^^1  In  practice  we  could  make  d  as  high  ae  5500  ohms  (g  +  x), 

^^Hbd  a  as  low  aa  450  ohms  (  — - — I,  without  seriouslj-  increasing  A., 

Supposing,  however,  we  actiiallj'   gave  a  and  d  their  beet 
values,  then  by  equation  [3]  (page  173J  we  should  have 

"""        '-"JJ200+560+500+™"™' 


1,000,000,000  X  10-7 


8W      |_ 


that  is  to  say,  we  may  h 


■0014  units  out  when  i 

,  -0014  > 

exactly;  thiB  i8  equn'alent  to  a" 

per  cent,  approsimately. 

In  order  to  make  the  test  as  accurately  as  this,  it  would  be 
neeesaary  that  d  be  adjustable  to  a  small  fraction  of  a  unit ;  if 
we  call  <jt  the  value  of  the  latter,  then  we  should  have 

We  then 

owing  that  d  ought  to  be  adjustable  to  -003  of  an  ohm  or 
leas.  If  we  make  it  adjuslablo  to  -001  or  ttt'ou*'!  °^  '^^  o'^™ 
therefore,  we  shall  he  able  to  make  the  test  properly. 

200.  The  facts  we  have  arrived  at  by  the  foregoing  investiga- 
tion are  these,  that  with  a  =  560  ohms  and  b  =  1000  ohms,  then 
when  equilibrium  is  exactly  produced,  an  alteration  in  the  value 
of  d  equal  to  -003  of  an  ohm  (wliioh  quantity  ^ 

■i   ^  -0014  units,  or  -0003  per  cent,  approximately,  in  x) 


X  -   - 


\  We  therefore  have 


1000  X -0014 


,    .^v^  ^  -003, 
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■would  produce  a  perceptible  doflection  (1  division)  on  the  gal- 
manometer. 

We  have,  then, 

Saii  Gonditicma  for  making  the  TeH. 
201.  Firat  make  a  lough  test  to  aBcertain  approximately  tte  J 
F,  value  of  fc. 


Make  d  not  greater  than  g  -f-  n'lOr  less  than 


\/(» 


+')- 


d  is  not  redaoed  to  tood 


and  preferably  make  it  as  near  to  the  latter  quantity  as  poBsible,.J 

provided  the  range  of  adjustment  o''  ■"  " '■  -"" — ^   "~  ' — 

great  an  extent  by  so  doing, 

and    not    greater    than  J 


not    less    than 


»/(r  +  a:)  -i — ,  and  preferably  make  it  aa  near  to  the  latl 
quantity  ae  posaiblt 


to  \/{9 
g  +  x,  then 


a  the  case  where  d  is 

b) ;  but  if  d  is  made  m 

a  ehould  preferably  be  made  u 


ie  nearly  eqm 
nearly  equal  1 
nearly  equal  ta^^ 


f  advantageous  that  E  should  be  as  large  and  r  as 
ible. 

Possible  Degree  of  Accuracy  ailainabU. 

,  ■where 


adjustable  to  not  less  than  —  units,  or  - 


:,  being  the  reciprocal  of  the  figure  of  merit  of  the  galvanometer. 
In  order  to  obtain  this  percentage  of  accuracy,  d  must  be 
— th  of  a  nnit. 

©  J 

.  In  the  foregoing  investigation  ■we  have  oonsidered  thA^^I 
exact  conditions  required  for  a  maximmn  degree  of  aoouracy,  and    ^ 
we  have  seen  that  in  order  to  attain  this  it  is  necessary  that  i 
be  adjustable  to  a  fraction  of  a  unit.     At  the  commencement  of 
the  chapter  (g  192,  page  167),  however,  we  saw  that  iidis  only 
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adjustable  to  units,  then  in  order  to  obtain  tbe  greatest  possible 
acouracy  we  should  make  d  as  mucti  larger  tLan  x  as  possible,  as 
by  so  doing  we  get  a  groat  range  of  adjustment.  But,  as  we 
also  stated,  tbere  is  a  limit  to  thus  increasing  d,  for  unless  we 
are  able  to  adjust  d  accurately,  we  can  gain  nothing  by  having 
the  range  of  adjustment  bo  large.  Now  to  adjust  d  we  note  the 
deflection  of  the  galvanometer  needle,  and  when  this  becomes  0 
■we  know  that  d  is  adjusted  exactly  right;  but  if  an  alteration 
of  several  units  produces  no  perceptible  effect  on  the  deflection 
we  may  just  as  well  have  d  of  a  smaller  value.  Thus,  supposing 
we  have  h  10  times  as  great  as  a,  that  is  d  10  times  x ;  then  if  an 
alteration  of  10  units  in  d  only  just  affects  the  galvanometer 
needle,  it  is  evident  that  we  cannot  adjust  rf  to  a  closer  accuracy 
than  10  units,  and  consequently  we  cannot  obtain  the  value  of  x 
to  a  closer  accuracy  than  1  unit.  K  we  have  h  equal  to  o,  that 
is,  d  equal  to  z,  then  if  we  can  adjust  t^  within  1  unit,  we  shall 
in  this  case  obtain  the  vsilue  of  is  to  an  accuracy  of  1  unit,  that 
is,  with  just  as  much  accuracy  as  "we  could  in  the  first  case,  when 
d  was  10  times  x.  It  is  even  possible  that  we  could  obtain  the 
value  of  X  more  accurately  in  the  hitter  case,  for  it  may  be  that 
an  alteration  of  1  unit  in  d  when  h  equals  a  may  produce  a  much 
greater  movement  of  the  galvanometer  needle  than  does  the 
alteration  of  10  ohms  when  h  is  10  times  a.  Whether  this  is  so 
or  not  is  a  point  we  have  to  determine. 

We  have  also  to  find  what  should  be  the  absolute  values  of  a 
and  h. 

We  have  seen  that  in  order  to  obtain  accuracy  it  is  necessary 
to  make  d  as  high  as  possible,  but  the  highest  useful  value  wo 
could  give  to  d  would  be  that  which  produces  the  gmalleel  perceptible 
deflection  when  it  it  Y  unit  out  of  adjaitment. 

Now  if  A.  be  the  error  in  x  caused  by  d  being  1  unit  out  of 
adjustment,  we  must  have 

a(d+l)       ad       a 

"  +  *-       b       -T  +  l'  W 
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We  have,  then,  from  equation  [2]  (page  173) 


d{d  +  g  +  x  + 


'-:V{ 


'+•+'+.,- 


From  thia  equation  we  have  to  determine  the  higheet  value,  . 
■we  can  give  to  d  ;  this  will  he  limited  by  the  "  figure  of  merit " 
of  the  galvanoiceter,  and  alao  by  the  value  of  a.      Let  bb  write  J 
I  the  ahove  equation  in  the  form 


1 


i  +  r+iB 


Now  since  —  ia  a  fixed  quantity,  ihereforo  in  order  that  j  fl 

I   may  have  as  large  a  value  as   posBible  we  muBt  give  a  such  a  | 
I  value  that 


U+T+X+ 


I  g+x+d    i 

is  as  small  as  poKsible.    From  the  investigation  given  in  (§  1 
page  173)  we  cun  see  that  if  we  make  a  as  low  as  possible,  bufV 
I  not  lower  than,  Bay,  -^ —  ,  ihen 


S  +  a  +  di 


I    will  be  very  close  to  its  minimum  value,  no  matter  how  high  4 
I  may  be. 

For  the  purpose  of  determining  the  actual  numerical  valutfB 
which  d  can  have,  let  us  write  equation  [B]  in  the  form 


l.d  +  g  +  x  + 


^H 


d+ 


+  1  +  0 


this  equation,  being  an  ordinary  quadratic  •  (see  note  on  nexj 
page),  would  enable  the  value  of  d  to  be  obtained  in  terms  a' 
the  other  quantities  in  the  usaal  raaniver,  but  inasmuch  a 
only  require  to  determine  the  value  of  ^  within,  say,  10  per  cent., 
it  is  a  much  simpler  and  shorter  operation  to  adopt  the  "  trial " 
method  ;  (hat  is  to  say,  to  give  d  different  values  until  we  arriva 
Vmt  one  which  approximately  Batiafiee  tb.e  e^^uatioQ.  J 
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Suppose,  as  in  tiie  last  example. 


-  SOO  (from  a  roagh  test), 

:    5000, 


e,  =  -. 
then  make  a  =  500. 

Wb  then  get 
I  d  +  5000  +  500  +  — 


500  II  200  +  500  +  500  [   ~ 

10  X  500  X  1.000.000.000 

200  +500  +  500     ""  ' 

{d  +  10,500!  {d  +  83-3}  =  4,170,000,000. 
If  we  make  d  =  60,000  we  shall  very  nearly  satisfy  the  eqna- 
tion,  for 

(60,000  +  10,500}  [GO.OOO  +  83-3!  =  4,236,000,000. 

Aa  the  value  which  d  will  have  will  depend  upon  the  value 
given  to  b,  the  latter  must  be  amde  equal  to 
500  X  60,000  ^,„„„„ 


500 


tThe  Holatiuu  of  the  qaadratio  eqaatian  is  aa  fullowB . 


nwaget 


c.C-l-^-i-'') 


ilierefore 


(P  +  ii(A  +  B)  =  K- AB 


.(^7= 


A'  +  2AB  -i-  B'  _  4K  +(A  -  B)' 


V<&  +  (A-^     A  +  B       ^«K  +  CA-By-(A  +  B) 
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As  regards  the  Pogeible  degree  of  accuracy  with  which  the  test! 
can  be  made,  we  have  seen  on  page  181  that 


We  therefore  have 


which  equals 


500     _ 

60,000  " 


;0083  X  100 
500 


•0017  per  c 


this  compares  unfaTourably  with  the  result  obtained  when  the  \ 
teat  was  made  with  d  of  a  low  value  and  adjustable  to  j-^th  ■ 
of  a  unit,  the  percentage  of  accuracy  in  the  latter  case  being 
'0003  per  cent.     To  summarise  the  results  of  the  investigatioi 

Best  Conditions  for  mi&mg  the  Test. 
203.  Make  a  as  low  as  possible,  hut  not  lower  than  - 
Make  d  ae  high  as  possible,  hut  not  so  high  that 


[d+g+s 


+  ^- 


W  +  _- 


x  +  ai 


18  greater  than 

Ex 
c(r  +  x  +  ay 

e,  heing  the  reciprocal  of  the  figure  of  merit  of  the  galvanometa 
Potiible  Degree  of  Accuraq/  attainable. 

JX™       101 

Percentage  of  accuracy  =  =  -j 

If  we  make  d  adjustable  to  any  particular  fraction  of  a  unit, 
we  can  tell  the    degree   of   a<:curacy  with   which  a;  could  he 

measured,  for  if  in  equation  [A]  (page  181)  we  put  -  instead  of 

1,  we  get 
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and  equation  [B]  (page  182)  beoomes 
■     If  in  this  last  equation  we  give  to  -  the  fractional  valne  to 


For  example. 

Snppo8Q  d  woB  adjnstaMe  to  iV^^  °^  ^  unit  I  -  ),  then  we  have 

(giving   to  X,  a,  g,  and  r  the    values  UHed  in  the   previotiB 
iples) 


^^^un] 


{d  + 10,500}  {d-f-83-J 


mafee  d  =  16,000,  we  shall  very  nearly  satisfy  the 
eqiiation,  and  the  percentage  of  accuracy,  X',  with  wMch  x 
would  be  measured  would  be 


_IO0_         100         _.„„„.ap.,™t. 


P  X  ni       10  X  16,000 

904.  At  the  commencement  of  the  chapter  (5  192,  page  167), 
■we  saw  that  by  making  6  10  or  100  times  as  great  as  a,  and  con- 
sequently d  10  or  100  times  as  great  as  a;,  we  were  enabled  to 
measure  a;  to  an  aocuraoy  of  y'^th  or  -yVii*^  o^  ^  unit,  although  d 
•vias  adjustable  to  units  only.  Every  unit  in  rf,  in  fact,  repre- 
sented TTjt'i  or  xintli  tif  ^  unit  in  x.  But  to  measure  to  an  accu- 
racy of  -rJijt^  °^  "  iiiit,  with  the  forms  of  bridge  shown  in 
Chapter  II.,  page  10,  the  resistanoeB  in  a  and  6  have  to  be  10 
and  1000  respectively,  we  have  no  other  choice  of  resistances. 
In  the   investigation  we  have  made,  we  have   seen  that  a 

should  be  not  less  than  — ~ — ,  but  in  the  bridge  as  usually  ar- 
ranged, if  we  wished  to  have  a  and  6  in  the  proportion  of  1  to 
100,  so  that  we  could  measure  to  the  accuracy  of  ttt*^  **f  *  unit, 
we  might  find  that  we  should  have  to  very  considerably  traus- 

gresB  the  rule  of  not  making  a  smaller  than  — — ,  unless,  indeed, 

X  were  a  low  resistance ;  for  inasmuch  as  we  could  adjust  the 
realBtances  in  the  bridge  so  as  to  theoretioailjr  measure   a 


r 
I 
I 
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resistance  of  100  oLms  to  ao  accuracy  <if  yj-jth  of  a  tinit,  if 
the  Tosistance  wore  as  high,  or  nearly  as  high,  ae  100,  it  might 
bo  10  times,  or  nearly  10  times,  as  high  as  we  could  make  a. 
Under  these  conditions,  then,  the  bridge  is  not  in  a  favourable 
condition  for  ensuring  an  accurate  test. 

We  eay  it  ia  not  in  a  faTonrable  condition  for  euanring 
accuracy,  but  it  does  not  follow  therefore  that  we  cannot 
measure  a  resistance  of  100  ohms  accurately  to  an  accuracy  of 
j-Jn''-^<*f  *  unit  with  such  an  arrangemeut.  A  galvanometer 
if  it  has  a  high  figure  of  merit  may,  although  the  conditions 
are  unfavourable,  still  give  a  aafBcient  deflection  to  enable  us 
to  exactly  adjust. 

What,  then,  it  may  be  asked,  is  the  practical  value  of  the 
resultti  we  have  theoretically  arrived  at?  The  value  is  this: 
if  we  find  we  have  not  got  sufficient  sensitiveneas  to  obtain 
a  good  test,  then  we  can  see  'what  may  he  the  cause  of  it,  and 
therefore  how  we  can  remedy  it.  Ihe  results  further  show 
that  the  values  given  to  a  and  b  in  the  bridges  as  ordinarily 
arranged  are  such  that  only  certain  resistances  can  be  measur^ 
under  the  best  conditions  for  ensuring  accuracy.  ^m 

205.  It  should  not  be  overlooked  that  the  conditions  for  S 
obtaining  a  good  test  are,  to  a  very  great  extent,  dependent 
upon  the  reaistanoe  of  the  galvanometer  used,  since  the  value 
which  a  mubt  have  is  dependent  upon  both  g  and  x.  But  it 
must  not  therefore  be  imagined  that  we  can  make  these  condi- 
tions anything  we  please  by  employing  a  galvanometer  of  a  low 
resistance,  for  such  galvanometers  have  a  low  figure  of  merit, 
and  consequently  what  is  gained  in  one  direction  by  having  g 
low,  is  more  than  counterbalanced  by  having  the  figui-e  of  merit 
low.  It  must  be  evident,  then,  that  the  whole  question  of  the 
accuracy  with  which  a  bridge  teat  can  be  made  is  dependent,  in 
the  first  instance,  upon  both  the  resistance  and  figure  of  merit 
of  the  galvanometer,  and,  as  we  shall  see  in  certain  cases,  it  is 

I  absolutely  necessary  that  the  resistance  be  very  low,  althougli 
the  figure  of  merit  has  oonaeqiiently  to  be  low  also,  ^M 

Mbasurement  of  a  Resistance  when  exact  Equilibrium  CANtrOJ^^^ 
BE  OBTAINED.  ^H 

206.  It  very  often  happens,  especially  when  measuring  smaU'jH 
reBistances,  that  exact  equilibrium  cannot  be  obtained  in  the^^ 


bridge ;  thus  one  unit  too  much  in  d  may  give  a 
one  side  of  zero,  and  one  unit  too  little,  a  deflectioa  to  the  other 
aide  of  zero,  and  as  no  nearer  adjustment  can  be  made,  the  exact 
vaJaa  otx  is  not  directly  determinable.    If,  however,  the  valuea 
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bo  ob  tamed 


i>f  tbo  deflections  be  noted,  the  true  yalue  of  a 
very  closely. 

On  |>»ge  172  we  have  an  equation  [8]  which 
of  the  current  (c,)  paesing   through  the   galvanometer  when 
equilibrium  is  Dot  produced. 

Let,  then,  c'  be  the  current  which  produces,  say,  a  left-hand 
deflection  of  the  galvanometer  needle,  and  let  this  current 
caused  by  d  being  too  small ;  also  let  c"  be  the  curront  which 
proditceB  a  right-hand  deflection,  and  let  this  current  be  caused 
by  d  being  too  large.  Then  if  d'  and  d"  be  the  smaller  and 
larger  resistances  respectively,  we  have  two  equations,  viz., 
B-  ad'  ~  bx  ,  .,       ad''  —  6a; 


5  quantities  corresponding  to  B^ 


where  B'  and  B"  i 

tion  [8]. 

Now,  since  d'  and  d"  are  very  nearly  equal,  B'  and  B"  may 
be  taken  as  being  equal  without  sensibly  altering  the  relative 
■»»lues  of  c'  and  c" ;  therefore,  we  may  say 


a(e'd'+e'-|-c"(f)  _ 


10 


156  + 


ad 

'-ta' 

c'te. 

c'bx-i 

i(t'J" 

+  «) 

But  as  d"  would  be  only  1  unit  larger  than  d',  that  it 


a  and  6  being  10  and  100  ohms  respectively,  when  d'  was 
adjusted  to  156  ohms  a  deflection  of  15  divisions  (e')  v 
tained  to  one  side  of  zero,  and  when  d'  was  increased  to  167 
ohms,  a  deflection  of  20  diviaiona  (r")  to  the  other  side  of  zero, 
was  observed.     What  was  the  exact  value  of  it? 


r 


is  handbook  of  electrical  testing. 

Slide  Eesistaitce  Coils  Bridge. 

207.  Instead  of  Using  a  and  b  and  Tarying  d,  wo  may  n 
a.  fixed  reBiBtance,  and  b  +  d  b.  slide  reeistance,  and  vary  the  J 
ratio  of  6  to  d.  Either  a  elide  wire  or  a  set  of  slide  reeistanoo  | 
coils,  Buch  as  that  indicated  by  Fig.  9  (page  14)  may  be  used,  j 
Tho  former  would  be  employed  if  fc  +  d  la  required  to  be  a  low  j 
resiatance,  the  latter  if  a  high  roBistance  is  neceaaarv. 

A  aet  of  coila  allows  of  but  few  different  ratios  being  given  ( 
to  6  and  d,  unlesB  indeed  the  Biamber  of  coils  ie  very  large,  which*  | 
would  be  both  a  cumbersome  and  an  expensive  arrangement. 
Mr.  Varley,  by  meana  of  a  movable  derived  circuit,  reaching 
acroBS  two  of  the  coils,  has  devised  a  means  of  anbdividiag 
each  of  the  latter.  This  arrangement  is  shown  by  means  of 
Figs.  54  and  55.      Eeferring  to   Fig.  64,  let  us  suppose  that 


equilibrium  is  produced  so  that  do  current  circulates  through^ 
the  galvanometer.  This  being  the  case,  the  points  C  and  A 
may  be  joined  without  altering  the  current  strengths  in  the 
various  circuitB.  Let  us  suppose  this  junction  to  be  eSected; 
then,  by  applying  Kirchoff's  laws  (page  134),  we  have  the 
following  relations  existing  between  the  current  strengths  and 
the  resistances  in  the  system  : — 
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By  Bubstitntion  we  get 


-6+P,). 


-  "Sow  if  in  these  equations  we  make  « 
one  equation  by  the  other,  we  get 


111 


■  Pi  4-  pn  and  divide  the 


This  equation  shows  that  if  the  slide  resistance  pi  +  Pi  be  made 
equal  to  the  portion  «  of  the  slide  resistance  h  +  k  -\-  d  which 
it  enclosefl,   then  the  Talues   of   the    resistances   between  the 


^[^H^lh 


points  B  A  and  E  A  will  be  to  one  another,  as  the  resistance  6. 
plus  half  the  resistance  Pi,  is  to  the  resistance  d,  plus  half  the 
resistance  pj. 

If,  therefore,  we  have  b  +  k  +d  formed  of  101  coils  of,  aay, 
1000  ohms  each,  and  pi  +  p,  of  100  coils  of  20  ohms  each,  that  is, 
2000  ohms  (p,  +  p.)  in  aU,  and  further,  if  the  slider  8,  (Fig.  55) 
bridges  across  two  of  the  lOOO-ohm  coda  so  as  to  encloso  a  resist- 
ance of  2000  ohms  (k),  then  a  movement  of  slider  S]  from  one 
oontact  to  the  next  represents  an  alteration  of  10  ohms  in  the 
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ratio  of  B  A  to  E  A,  whilst  a  similar  moveinBiit  of  tbe  Blider  St 

represents  an  alteration  of  1000  ohms.  We  can  thus,  by  means 
of  the  201  coils,  101  of  1000  ohms  each  and  100  of  20  ohms  each, 
obtain  10,000  ratios  of  B  A  and  E  A,  each  differing  from  the  next 
by  10  ohms. 

We  could,  if  required,  have  a  second  slider  like  Sj  to  move 
along  p,  +  p,,  and  connected  to  a  third  set  of  coila  along  whi 
the  slider  B,  would  move ;  by  this  means  the  differenoes  of! 
10  ohms  could  be  subdivided  into  differences  of  y^th  of  an  ohm, 
In  fact,  we  could  have  any  number  of  sets  of  coils  with  slidera, 
each  carrying  out  tbe  subdiviBiou  tu  any  required  degree. 

When  we  come  to  make  very  email  aubdi visions,  such,  for 
instance,  as  subdividing  i\ih  of  an  ohm  into  100  parts  of  tttVc'-^ 
of  an  ohin  each,  it  would  be  inconvenient  to  employ  a  set  of 
small  Tesistances,  as  they  are  difficult  to  adjust  exactly ;  slide 
wires  may  therefore  be  employed  with  advantage  for  th^ 
purpose. 

208,  Fig.  56  shows  a  convenient  arrangement  of  the  Slide 
Besistance  Coils  Bridge ;  the  coils  in  this  cane  are  arranged  in. 


I 
I 


a  circle  instead  of  in  a  straight  line  as  represented  by  the  theoreti'B 
cal  diagram  Fig.  55.  The  left-hand  dial  contains  the  contaots4 
and  double  slider  for  the  lOOO-ohra  coils,  and  the  right-Land  ' 
dial  the  contacts  and  single  slider  for  the  20-ohm  coils. 

Fig.  57  shows  a  theoretical  arrangement  of  the  foregoing  Slide 
^atagtatioo  Colls  Bridge ;  the  connections  in  this  diagram  difier 


THE    WHEAT8TONK    BRIDGE. 


191 


from  those  shown  in  Fig.  55  iu  bo  fur  that  the  relative  poaitions  of 
the  battery  and  galvanometer  are  revers(*d,  but  thiM  reverBal  ie 
not  eai-ential  for  the  principle,  as  either  arrangement  oan  be 

Fca.  57. 


,»-^^,®j=p^ 


1/ 


^t^a 


Slide  Wire  on  Metkk  Buidoe, 

209.  The  simple  slide  wire  bridge  ia  a  very  useful  arrange- 
ment, aa  a  very  oloae  adjustment  can  be  made  by  means  of  it, 
and  great  accuraoy  of  measurement  thereby  be  obtained.  It  la 
especially  useful  for  measuring  small  resistances  accurately. 

The  form  in  which  this  descrijilion  of  biidge  is  usually  oon- 
atruoted  is  shown  by  Fig.  68. 

The  slide  wire,  which  is  1  metre  long  and  about  1-5  mm,  in 
diameter,  is  stretched  upon  an  oblong  boiird  (forming  the  base 
of  the  instrument)  parallel  to  a  metre  scale  divided  through- 
out its  whole  length  into  millimetres,  and  bo  placed  that  ita  two 
ends  are  aa  neaiTy  as  possible  opposite  to  the  divisions  0  and 
1000  respectively  of  the  scale. 

The  ends  of  the  wire  are  soldered  to  a  broad,  thick  copper 
band,  which  passes  round  each  end  of  the  graduated  scale,  and 
nina  parallel  to  it  on  the  aide  opposite  to  the  wire. 

This  band  is  interrupted  by  four  gaps,  at  m„  a,  a,  aud  iXg.  On 
eaoh  side  of  these  gaps,  and  also  at  B,  C,  and  E,  are  terminala. 

In  the  ordinary  use  of  the  appamtus,  the  wires  from  the 
battery  are  attached  to  the  terminus  B  and  E,aud  the  galvano- 
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meter  ie  connected  between  0  and  the  slider  A ;  by  presBing  ^M 

down  a  knob  this  latter  ie  put  in  contact  with  the  wire.                  ■ 

The  conductor  whose  reeistance  has  to  be  meaeured,  and  a   ■ 

^^                                        etandard  resistance,  are  placed  in  the  gaps  ^H 

^L                       ^             at  X  and  a  respectively.                                      ■ 

1 

1 

IT 

The  two  gape  at  ni,  and  m,  can  either  be  ^M 
bridged  across  by  thick  copper  straps,  or  ^H 
reeistances  of  known  values  can  be  inaerted  ^H 
in  them ;   it  is  easy  to  Bee  that  these  are  ^H 
simply  tiugradnated  prolongations  of  the  ^H 
slide  wire.                                                             ^M 

210.  If  we  have  no  resistance  in  theae  ^1 
gaps,  then  when  we  have  eqnilibrimn,            ^H 

'\  ■- 

1 

1 

X 

h 

as  -  is  merely  a  ratio,  we  do  not  jequire  to  ^M 

know  the  absolute  values  of  d  and  h,  bat  only 
their  relative  valnes,  that  is  to  say,  we  only 
require  to  know  the  lenntlis  of  the  portions 
on  either  side  of  the  slider  A,  and  not  the 
retittaiieee  of  those  portions. 

As  the  length  h  of  the  aUde  wire  is  conv 
stant,  that  is,  since 

'  : 

6  -h  d  =  i,     or,     d  =  k-b. 

ti 

therefore 

,;    i 

but  fc  =  1000  millimetres,  and  6  ia  nsuallj 
called  the  scale  reading,  therefore  we  have 

^ 

1 

For  exaw^la. 

The  standard  resistance  a  being  1  ohm, 
equilibrium  waa  obtained   when  the  scale 
reading  was  510 ;   what  was  the  value  of 
the  unknovro  resistance  x  ? 

^_lPOO_lV  -961  ohms 

^ 

"^^VBlT       V         aPionms.        ^ 
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211.  It  has  been  pointed  out  by  Mr.  Martin  F.  Roberta  that 
btion  [A.]  is  the  same  ae 

and  that  oonseqnently,  by  the  lue  of  a  table  of  reoiprooals,  cal- 
cnlationa  can  be  considerably  simpEfied  in  working  ont  the  value 
of  I. 

212.  Equation  [A]  is  only  tmo  if  the  reeistanceB  between  the 
ends  of  the  elide  wire  and  the  terra-inala  B  and  E  are  zero.  But, 
altbongb  it  may  not  appear  so,  it  is  by  no  means  easy  to  make 
these  resistances  inappreciable ;  even  the  careful  soldering  of  the 
ends  of  the  wire  to  the  copper  straps  introduces  a  resistunce 
which  ia  sufficient  to  affect  very  accurate  tests.  Keferring  to 
Fig.  53,  in  which  n,  and  »;  are  thtjae  resiatances,  wo  know  that 
strictly  speaking 

X  _  d_-f-nj_ 

a       b-i-fh' 

or  that 


/    100 +  «,+»,     _  A 
Vscale  reading  +  Hi  /' 


Vscale  reading  +  ^ 

To  make  a  strictly  accurate  test,  then,  we  must  know  the 
values  of  n,  and  n^  in  terms  of  the  equivalent  length  of  the  slide 
wire.     These  may  be  obtained  in  the  following  manner  : — 

Having  bridged  across  the  gaps  at  m,  and  m-i  with  thick  copper 
straps,  taking  care  that  the  Burfaces  in  contact  are  scraped 
bright,  insert  known  resiatanoes  at  a  and  x,  a  being  rather 
lai^r  than  x;  then,  having  obtained  equilibrium,  we  have 

now  reverse  a  and  x,  and  again  obtain  equilibrium.     Let  the 
new  scale  readings  be  b^  and  d, ;  we  then  have 

By  multiplying  up  and  arranging  the  quantities,  we  have 
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that  is, 

a'ni  —  x^n^  =  a?b  —  axd  —  d'bi  +  axdi, 

_  ax(d,-d]  +  a-'b-a'b, 


In  a  similar  manner  we  should  find 

ax(b  -  I,)  +^d,  -a'd 


b  +  d  =  bj+d,  =  1000, 
d  =  1000  -  h,  and  d^  =  1000  -  6j , 


_ (1000  -  6,)  jg  -  (1000  ~b)a 


For  example. 

In  order  to  determine  n^  and  n^,  resiBtaiiGeB  were  inserted  at 
3,  and  a;  eqnal  to  3  and  2  ohms  respectively.  Balance  was 
obtained  when  the  scale  reading  6  was  603.  On  reversing  a 
and  X,  balance  was  obtained  "when  the  scale  reading  6,  was  " 
What  wore  the  values  of  w,  and  Bj  ? 


(C03x2)-(399> 
3-2 


i)_ 


(1000- 


e  value  of  a;,  then,  would  be  given  by  the  equation 
/  1000  +  9  +  11 
~     \scale  reading  + 


J  \scale  reading  +  9        / 


213.  Although  prfectly  satisfactory  rcBults  may  be  obtained 
with  the  metre  bridge  when  the  latter  is  properly  made,  and 
when  the  measuremenls  are  carefully  carried  out,  yet  consider- 
able trouble  is  often  occasioned  to  inexperienced  persons  by 
results  being  obtained  which  are  obviously  erroneous.  One 
most  ire^iieut  cause  of  error  Js  that  occasioned  \>x  unnerfegt  o 
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faots ;  great  care  shoTild  therefore  be  taken  that  the  important 
connecdons,  viz.  thosp  at  the  gape,  should  be  well  made ;  this 
should  be  ensured  by  having  the  vaiiuus  surfaces  in  contact 
made  clean  nud  bright  by  scraping.  Good  contacts  are  best 
asaured  by  having  mercury  cups  at  the  gaps  instead  of  screw 
terminals ;  care  should  be  taken  that  the  mercury  in  those  cups 
is  in  good  metallic  contact  with  them,  that  is  to  say,  it  should 
wet  the  metallic  surfaces.  The  mercury  should  also,  of  course, 
he  in  similar  good  contact  with  tlie  ends  of  the  wires  or  rods 
(the  latter  aj-e  usually  attached  to  the  standard  resistances), 
vliich  may  bo  dipped  into  the  cups. 

The  amalgamation  of  the  metallio  surfaces  is  best  effected  by 
ig  the  latter  with  emery  paper,  and  then  moistening  them 
solution  of  nitrate  of  mercury. 

Even  if  good  contacts  be  assured,  correct  results  cannot  he 
obtained  if  the  standard  resistances  are  incorrect,  or  if  the  slide 
wire  is  not  uniform  in  its  resistance  throughout  its  length.  A 
metre  bridge  to  be  really  useful,  therefore,  i-equirea  to  be  care- 
fully made. 

214.  The  accuracy  with  which  a  test  can  be  made,  as  in  the 
ordinary  form  of  bridge,  deponde  upon  the  values  given  to  the 
various  resistances,  and  amongst  these  upon  the  value  given  , 
to  A. 

In  order  to  bo  able  to  vary  the  value  of  this  quantity,  the 
gaps  at  m,  and  m,  are  provided. 

Ah  the  resistances  placed  in  these  gaps  are  simply  prolonga- 
tions of  the  slide  wire,  it  ie  necessary  that  their  values  should 
be  known  in  terms  of  equivalent  lengths  of  the  slide  wire ;  that 
is,  we  must  know  how  many  millimetres  of  the  wire  they  are 
iqnal  to.  This  is  best  done  in  the  following  manner  : — 
^^  Close  the  gaps  at  m,  and  m,  with  the  thick  copper  straps,  and 
e  resistances  of  known  values  at  a  and  x.  Adjust  the  slidea 
b  that  equilibrium  is  produced,  then 


a:(b  +  7h)  =  a(1000  +  nj-fc). 

V  insert  one  of  the  resistances,  whose  equivalent  length  nii 
k  millimetres  is  required,   at   the  left-hand   gap,  and   again 
obtain  equilibrium ;  calling  the  new  scale  reading  bi  we  then 
have 
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B;  Bubtracting  the  one  equation  firom  the  other  ge  get 

fli  (B  -  b,)  -  am,  =  o  (6,  -  6), 
hat  is, 

(6-&,){a+x)  =  m,«, 

IT 

m,  =  (6  -  6.)  ^^i-^. 

Tor  eteati^e. 

It  being  reqtiired  to  know  how  many  miUimetreB  of  the  elide 
(cire  a  resistance  m,  was  equal  to,  the  scale  reading  6,  with 
the  two  gape  closed,  was  50O  mm,,  and  the  scale  reading  6„ 
with  nil  inserted,  'vras  480  mm.,  the  resistances  at  a  and  x  being 
6  and  i  ohms  respectively.     What  was  the  value  of  ni,  ? 


m,  =  (500  - 
If  we  have  a  and  x  equal,  ■ 


180)  -^  =  50  mm. 

Q  get  the  simplification 
=  (i  -  6,)  2. 


There  are  other  methods  of  determining  the  value  of  m,,  but  the 
one  given,  besides  being  extremely  simple,  is  very  accurate,  as 
it  is  independent  of  the  qaantities  n,  and  n,. 

The  v^ues  of  the  resistancea  to  he  placed  at  m,  and  m,  being 
thus  determined,  the  value  of  x  ia  given  by  the  equation 

X  =  a/10Q0  +  «.+"^  +  "'i  +  "^     A 
V  scale  reading  +  «]  +  ni|        / 

215.  Let  us  now  consider  the  Beet  arrangement  of  reaUtajKea, 
&c.,  for  making  a  test  with  the  metre  bridge,  under  favourabls'j 
conditions. 

Now  a  mistake  of  a  millimetre  in  the  position  of  the  slider  will 
make  a  much  greater  error  in  the  result  of  »;worked  out  from  the 
formula,  when  the  slider  is  near  the  ends  of  the  wire  than  when 
it  is  near  the  middle.  Thus,  for  example,  auppoae  x  was  1  ohm 
and  a  was  also  1  ohm,  then  we  should  have  the  slider  standing 
exactly  at  500  if  it  were  properly  adjusted.  Suppose,  however, 
it  was  J  millimetre  out,  then  the  apparent  value  of  a;  would  be 


I 

I 
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Next  Bnppoae  o 
ing  would  bB  900 
should  have 


=  9  ohroB,  then  for  equilibrium  the  scale  read- 
and  if  we  make  a  mistake  of  1  milUmetre  we 


Woi       J 


e  make  x,  1  -  •990,  or  -010  ohms  too  small. 
Lastly  lot  ua  suppose  a  =  J  ohm,  then  the  scale  reading  for 
exact  equilibrium  would  he  100,  and  suppoaing  there  to  bo  an 
error  of  1  millimetre,  wo  have 

that  is,  we  make  z,l~-  989,  or  -Oil  ohms  too  smaU. 
To  eummarise  the  resulte,  then,  we  see  that  with 
P  a  larger  than  a,  error  was  -OlO,  or  1  per  cent. 

H  „  equal  to        „       „       „     -004,  orjf      „ 

■  „Hiaallerthan„       „       „     -Oil,  or  1       „ 

The  error,  in  fact,  was  smallest  when  the  slider  wbs  at  the 
middle  of  the  wire.  We  must,  however,  determine  whether  the 
middle  is  really  the  point  at  whi-ch  the  error  is  least. 

Calling  k'  the  resiatance  of  th«  slide  wire  and  its  prolonga- 
tions m,,  m,,  and  b'  the  scale  reading  plus  the  prolongation  m„ 
let  there  be  an  error  X  in  a;  caused  by  an  enor  —  S  in  h\  then 


r' 


-<^-o- 


I 


8  18  a  very  small  quantity,  we  may  say, 


6'  (A  -  b')  ■ 

Now  we  have  to  make  X  as  small  as  possible  ;  this  we  shall  do, 
since  tc  and  k'  are  constant  quantities,  by  making  b'  {k'  —  6')  a 
targe  aa  possible. 
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b'  (k'  -  h')  = 


-(f-7. 


and  to  make  this  expreBsion  as  large  as  possible,  we  must  maka  1 
—  h'  OB  small  as  possible ;  that  is,  since  b'  mnst  be  poaitir^.J 
o  must  make  it  equal  to  0,  or 


-  -b'  = 


0 ;  that  ja,  6'  = 


■which  proTes  the  truth  of  the  BuppMition, 

To  obtain  the  slider  as  near  to  the  middle  of  the  ■wire  a 
possible  when  equilibrium  is  produced,  ■we  must  make  a  ais 
nearly  as  possible  equal  to  x. 

If  in  equation  [A]  we  put 

X  =  rr-r-  of  X,       and,     6'  =  =;  , 


I 


so  that  if  when  the  slider  is  near  to  the  centre  of  it'  we  cautl 
adjust  the  slider  to  an  accuracy  of  1  division  (8),  then  if  k'  con-  T 
Histed  of  1000  parts  (as  would  be  the  case  if  there  were  no  j 
prolongations  m,,  m,),  we  could  meaaure  the  value  of  x  to  aii.;| 
accuracy  of 

400  X  1         . 

-35^  =  -4  per  cent. 

216.  In  order  to  make  a  measurcroent  in  this  manner,  as  fl  _ 
have  seen,  it  is  necessary  for  a  to  be  approximately  equal  to  ai.l 
Now  in  many  cases  there  would  be  no  difficulty  in  arrangingB 
that  such  should  be  the  case.  Thus,  for  example,  suppose  HM 
was  required  to  measure  the  conductivity  of  a  sample  of  wjre,'j 
then  in  this  case  we  should  take  a  sufBcient  length  of  the  wire^ 
to  give  a  resistance  approximately  equal  to  tt,  and  then  having^ 
measured  the  exact  length  taken,  we  should  ascertain  its  a 
resistance  by  adjusting  the  slider  until  equilibrium  was 
taiued. 

217.  If  we  ■wish  the  measarement  to  be  made  to  a  higher 
percentage  of  accuracy  than  can  be  made  with  the  slide  wire  h 
alone,  then  we  must  add  equal  resistances,  m,  and  m^,  at  eaoh  end 

the  wire  so  as  to  inoreafle  the  value  of  ft. 


=  4000 ; 
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K[io  that  if  we  wish  to  measure  ic  to  an  acoaracy,  Bay,  of  *  1  per 
lat  make  k"  equal  to 
400  X  1  ^ 
•1 

t^at  IB  to  say,  we  must  add  resietaiices  m,  and  m,  at  eacK  end  of 
k,  each  equivalent  to  1500  millimetres  of  the  wire  k.  It  must 
be  recollectod,  however,  that  there  will  be  no  advantage  in 
thus  increasing  the  length  of  ft,  nnlees  the  figure  of  merit  ol 
the  galvanometer  employed  ia  sufficiently  high  to  enable  a 
movement  of  the  slider  to  a  distatkce  of  1  diviBion  from  its 
correct  position,  to  produce  a  perceptible  movement  of  the 
needle. 

If  the  resistance  to  be  measured  is  not  one  which  admits  of 
adjustment,  then  in  order  to  obtain  a  satiKfactory  measurement 
we  must  add  a  resistance  on  to  one  or  other  of  the  ends  of  k, 
according  as  x  is  larger  or  snialler  than  a ;  or  we  may  add 
resiHtancoB  to  both  ends,  their  values  being  unequal. 

If  in  equation  [A]  (page  197)  we  put 


then  we  get 
or  if  we  put 


4-^- 


[1] 


y 


-  ™  («  +  '')  8 


o(5  +  .)a 


b'x         '  '  A' 


'e  can  see  that  no  matter  what  are  the 
X  still  b'  can  always  have  a  value  which 
will  enable  a;  to  be  obtained  to  any  percentage  of  accuracy  k' ; 
that  ia,  of  course,  provided  the  figure  of  merit  of  the  galvano- 
meter be  sufficiently  high  for  the  purpose. 
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For  example. 

It  is  roqaired  to  meaBnre  the  exact  value  of  a  reBietonce  a 
whose  appToximate  value  is  five  times  that  of  the  reeiBtance  a  _ 
what  muat  be  the  value  of  6'  in  order  that  the  measurementJ 
may  be  made  to  an  accuracy  of  '5  per  cent.?     The  adjuBtment  1 
of  the  slider  can  be  determined  to  an  accuracy  of  1  division. 

im(\  +  i)i 


From  equation  [1]  (page  198)  we  get 


liiO, 


I 


consequently  since  k  cODsists  of  1000  divieionswe  must  add  a 
prolongation  trig  eqaal  to  not  Icsb  than  440  diviBiona  on  to  it. 
We  may  of  courBo  mate  the  prolongation  larger  than  440; 
I  fact,  in  practice  we  should  Lave  to  do  bo  unleBB  we  had  a  . 
rcBiBtance  available  of  the  exact  required  value;  but  it  muat  J 
not  be  too   large,   otherwiBo  the  position  of  balance  for  thefl 
slider  would  be  iit  some  point  on  mj  instead  of  on  the  wire  i,^ 

In  fact,  m,  must  not  be  greater  than  ■ —  ■ 

If  it  should  happen  that  in  order  to  obtain  a  particular  pe^fl 
centage  of  accuracy  it  is  necessary  that  6'  should  exceed  k,  weaM 
in  this  case  it  would  be  necessary  to  have  a  prolongation  uii  inl 
addition  to  the  prolongation  wisj  the  latter  quantity  in  this  ci 

must  not  exceed  (Jc  +  nii)  — 

In  the  last  example  we  have  supposed  x  to  bo  lest  than  a.  If, 
however,  x  is  greater  than  a,  then  h'  will  probably  have  to  be 
greater  than  t,  in  which  case  of  course  we  should  have  to  add 
the  prolongation  wii  in  the  place  of  the  prolongation  vu,,  the 

value  of  ffl,  being  such  that  it  does  not  exceed  k  - ,  unless  we  also 
add  a  prolongation  m,  in  addition  to  m,,  in  which  case  Mi  must 
not  exceed  (i  +  f>i)--  H 

We  have  seen  that  by  meana  of  m,  and  ni,— the  values  of  whic^fl 
can  he  determined  in  the  manner  shownin(§214,  pagel96)— we 
can  theoretically  arrange  that  the  value  of  a  can  be  assured  to 
any  required  degree  of  accuracy,  no  matter  what  the  relative 
valueB  of  a;  and  a  mojr  be.    Thifi,  however,  can  only  be  the  case 
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provided  the  &gaie  of  merit  of  the  galTanometor  is  saoh  sb  to 
enable  the  elidei:  to  bo  adjusted,  to  an  accuracy  of  1  divieion. 
The  figure  of  merit  of  the  galvanometer,  therefore,  ae  in  other 
tests,  is  the  limit  to  the  "  PoBsible  degree  of  accuracy  attain- 
able." This  limit  can  be  determined  from  equation  [2]  (page  178) 
in  the  following  manner : — 

Let  K  be  the  error  in  x,  caused  by  6'  being  ;th  of  a  unit  out  of 
utjuatmeut,  then  we  have 


1 


d'+-„ 


-l'x  +  ^ 


B  a  -very  small  quantity,  we  g 


B  have  then  from  equation  [2]  (pagel73)  by  putting d'  ; 


In  order,  therefore,  that  6'  may  be  able  to  have  the  value 
leseary  to  enauro  a;  being  measured  to  the  required  degree  of 
luraoy,  the  value  of  c,  muat  not  be  less  than  that  given  by  the 
yvB  equation. 

Ab  the  values  of  g,  d,  ee,  and  r  are  most  easily  obtained  in 
"ohmB,  the  value  of  b'  corresponding  to  the  number  of  diviaiona  of 
which  it  would  conaist  must  be  in  ohms  also ;  I,  likewise,  will 
have  to  be  the  reBistanoe,  in  the  fraction  of  an  ohm,  correspond- 
iag  to  1  diviBion  (or  fraction  of  a  division,  if  the  slider  can  bo 
""  "liiated  to  a  closer  accuracy  than  1  division)  of  the  wire  k. 

For  easampie. 

In  the  last  example  it  was  required  to  be  known  whether  a 
galvanometer  whose  resistance  -was  1  ohm  (o),  and  the  reciprocal 
of  vfhose  figure  of  merit  was  •  0002  (c,)  would  bo  suitable  for  the 
pTUpOse  of  making  the  measurement  in  question.  The  rosistanoe 
of  the  slide  wire,  which  was  divided  into  1000  divisions  (fc),  woa 
5  ohms,-  the  resistance  a  was  1  ohm,  and  the  resistance  x, 
0  ohms  approximately.  The  actual  value  of  the  prolongation 
"  d  to  «  was  such  as  to  make  ii:'  equal  to  1660.  The  reBlstanob 
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of  the  battery  was  5  ohms  (r),  and  its  alectromotive  force  2  voU 
(E)  approximately. 

Since  k  =  1000,  therefore  ;  =  -^  =  -0005. 

Also  (from  equation  [1],  page  199)  we  have 


h'  = 


1  X  1560 


{jC-13  +  l)  +  5  +  l[{5  +  l  +  5  +  ^}" 


•0008, 


(11-66)  (49-46)  ■ 


which  is  greater  than  •  0002  the  reciprocal  of  the  figure  of  merit 
of  the  galvanometer  in  question,  consequently  the  latter  inatru- 
ment  is  well  suited  for  the  purpose  for  which  it  ia  required. 

218.  The  reaistanco  of  the  galvanometer  employed  in  making 
a  hridge  test  is  an  importaat  point,  especially  as  regards  the 
measurement  of  small  resistances. 

In  the  case  of  the  ordinary  bridge  teat,  we  can  adjust  within 
1  unit,  and  in  the  case  of  the  slide  wire  bridge,  we  can  adjust 
within  1  millimetre  of  the  wire  ;  if  then  the  galvanometers  em- 
ployed in  these  cases  are  such  that  when  we  are  1  unit  or 
1  millimetre  from  exact  equilibrium  wo  obtain  perceptible 
deflections  of  the  needles,  then  we  have  what  we  require,  what- 
ever the  resistances  of  the  galvanometers  may  be. 

In  the  ordinary  form  of  bridge,  where  the  adjustable  resist- 
ances are  not  capable  of  being  adjusted  to  a  greater  accuracy 
thaa  1  unit,  a  Thomson's  galvanometer,  such  as  that  described 
in  Chapter  III.  (pageSl),  and  which  has  a  resistance  of  about 
6000  ohms,  gives,  under  all  circurastancea,  a  very  largo  deflection 
when  the  adjustment  is  only  1  unit  from  equilibrium.  In  the 
case  of  the  slide  wire  bridge,  however,  where  to  be  1  millimetre 
from  exact  equilibrium  means  to  be  only  jj^th  of  an  ohm,  or 
even  less,  out,  a  galvanometer  of  such  a  high  resistance  as 
5000  ohms  would  not  be  found  to  give  a  perceptible  deflection. 

The  roason  of  this  is,  that  such  a  galvanometer  ia  practically 
short  circuited  by  the  very  low  resistance  it  has  between  its 


i 


^^^1 
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The  question  of  galvanometer  reeiBtanco  is  consiilered  at 
Dgth  in  Chapter  XXV.,  and  it  is  there  shown  that  it  is  l>est 
lat  the  instrument  should  have  a  roaiatance  not  more  than 


about  10  times,  or  lose  than  about  ^tb,  ■ 


Of  GonrEie 


in  practice  we  cannot  adjust  the  resistance  to  meet  every  par- 
ticular caee,  but  the  limita  given  are  sufficiently  wide  to  enable 
aa  instrument  to  be  made  which  would  prove  satisfactory  for 
most  purpoaes  for  which  the  metre  bridge  is  adapted ;  moreover, 
if  a  particular  galvanometer  does  not  prove  to  be  suitable  for  a 
_  particular  ptirposo,  we  can  aaoertain,  by  the  help  of  the  above 
"  ule,  whether  the  cause  ia  due  to  its  resistance  being  too  high 
r  too  low. 

It  should  be  clearly  understood  that  when  we  speat  of  the 
resistance  of  the  galvanometer  we  mean  the  resistance  of  the 
instrument  itself,  and  not  the  resistance  in  its  circuit ;  thus,  if 
according  to  calculation  it  were  proved  that  the  galvanometer 
resistance  should  be  1  ohm,  then  it  would  not  be  caiTjing  out 
the  rule  if  we  took  an  instrument  having  a  resistance  of,  say  J 
of  an  ohm,  and  added  a  resistance  of  f  of  an  ohm  in  its  circuit, 
for  this  J  of  an  ohm  would  be  an  addition  to  the  external  current, 
and  not  an  addition  to  the  galvanometer  itself. 

Under  no  conditions  should  the  battery  be  joined  between  A 
and  0,  and  the  galvanometer  between  B  and  E,  for  in  such  a 
case  the  battery  cun-ent  in  passing  from  the  slider  to  the  wire 
^onld  be  liable  to  injure  the  surface  of  the  latter. 

"'o  sum  up,  then,  we  have 

tdifiong  necessary  for  making  the  Test  to  any  required  Degree  of 
Accuraci/. 

19.  The  number  of  divisions  of  which  6'  must  oonaist  in 
tier  that  x  may  be  measured  to  an  accuracy  of  X'  per  cent,  must 


e  not  less  than 


100 


A'  ' 


■-l)eing  the  number  of  divisions,  or  the  fraction  of  a  division,  to 
Vbich  it  is  possible  to  adjust  the  slider. 
f  If  prolongations  are   necessary,  then  m,   must  not   exceed 

i  -f-  m, )  - ,  and  %  must  not  exceed  (Jc  + 


»('+»■).- 
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The  reciprocal  of  the  fignre  of  merit  of  the  galTanometer  | 
must  be  not  less  than 


I  in  Tolta  and  ail  the  other  < 

Poteible  Degree  of  Acai 
Percentage  of  accuracy  =  —  /  -  +  1}8. 


<i')areii 

Poseible  Degree  of  Aeeuraey  attainable. 


Direct  Metliod, 

220.  When,  hy  means  of  the  bridge.  Fig.  61  (p.  169),  we  are 
meaeuring  the  conduetiviti/  reBietance  of  a  wire  whose  farther  end 
U  not  at  hand,  wo  should  join  one  end  to  terminal  C,  put  the 
ferther  end  to  earth,  put  terminal  E  to  earth,  and  then  measure 
in  the  usual  way. 

Loop  JSethod. 

221,  It  is  always  as  well,  however,  when  possible,  to  measure 
without  using  au  earth,  by  looping  two  wirea  together  at  their 
farther  ends,  the  nearer  enda  being  joined  to  terminals  E  and  C 
respectively  ;  thia  gives  the  joint  conductivity  resistance  of  the 
two.  Errors  oonaequent  from  earth  currenta,  or  a  defective  earth, 
Ac,,  are  thereby  avoided.  We  cannot,  however,  by  this  means, 
obtain  the  conductivity  resistance  of  each  wire  aeparately.  If, 
however,  we  have  thi-ee  wirea  at  hand,  we  can  by  three  measnre- 
menta  obtain  the  conductivity  resistance  of  each  wire,  without 
using  an  earth.     Thia  is  effected  as  follows: — 

Let  the  three  wires  be  numbered  respectively  1,  2,  and  3. 
First  loop  wires  1  and  2,  at  their  further  ends,  and  let  their 
resistance  be  E,.  Next  loop  wires  1  and  3,  and  let  their 
resistance  be  Rj,  Lastly,  loop  2  and  3,  and  let  their  resistance 
be  R,.  Supposing  the  respective  resistances  of  1,  2,  and  3  to  be 
Ti,  rj,  and  r,,  we  get 

r,  +  r,  =  H, 

r,  +  r,  =  E, 

fj  + r,  =  B,. 
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Now,  since  each  of  the  wires  is  looped  first  with  one  and 
then  with  the  other  of  the  other  two,  it  ia  evident  that  the 
Bum  of  the  three  measurements  will  be  the  sum  of  the  individual 
reaiatancea  of  the  three  wires  taken  twice  over,  and  conse- 
quently — ^^ must  be  the  sum  of  the  reaistances  of 

the  three  wires.  If,  then,  we  euhtraot  Bi  from  this  result, 
the  remainder  must  be  the  resistance  of  r,.  Similarly,  if  we 
subtract  Ej  from  the  same,  the  remainder  will  give  us  r^;  and 
lastly,  by  Bubtracting  Bs,  we  got  the  value  of  ri. 

For  example. 

The  conductivity  resistance  of  each  of  three  wirea,  Nob,  1,  2, 
and  3  was  required.  Noa.  1  and  2  being  looped,  the  resistance 
(B[)  was  found  to  be  800  ohms.  Nos.  1  and  3  looped  gave  a 
resistance  (B^)  of  400  ohms.  Lastly,  Nos.  2  and  3  looped  gave  a 
resistance  (R,)  of  500  ohma ;  then 

Added  resistance  of  the  three  wires  will  be 

300  +  400  +  SQQ  _  ,„„  ^,_ 


^^^iierel 


Eesifltance  M  of  No.  1  wire  =  600  -  500  =  100  ohma. 
(r.)     „       2    „      =  600  -  400  =  200      „ 
(r.)     „       3    „      =  600  -  300  =  300      „ 


By  this  device,  then,  we  aro  enabled  to  eliminate  all  souroea  of 
error  without  making  a  greater  number  of  measurements  than 
would  be  required  if  we  measured  each  wire  separately,  by 


Hkiig 


MrASOKEMEBT  of  the  KiaiSTANCE  OF  AN  EarTH, 


222.  By  means  of  a  method  very  similar  to  the  foregoing  we 
oan,  if  we  have  two  wires  at  our  disposal,  measure  the  resist- 
ance of  the  earthe  at  the  end  of  the  lines.  The  following  is  the 
way  in  which  this  can  be  done: — 

Let  the  two  wires  be  numbered  respectively  1  and  2.  First 
loop  the  two  wires  at  their  further  enda,  and  let  the  uieaaured 
resistance  of  the  loop  be  B,.  Next  have  No,  1  wire  put  to  the 
earth  at  its  further  end,  and  measure  the  resistance,  which  will 
be  that  of  the  wire  and  earth  conibined ;  let  thia  total  resistance 
be  E,.  Lastly,  have  wire  No.  2  put  to  the  earth  at  the  distant 
Btation,  and  measure  the  total  reaistanoe,  which  we  will  call  Kg ; 


01 

'•I 

» 
h 
re 
h 
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then  by  adding  Ei,  E,  and  B^  together,  and  dividing  the  result 
by  2,  we  get  the  sum  of  the  resistancea  of  the  two  vriree  and 
the  earth;  by  uubtraoting  from  this  reanlt  the  reaistances  of 
the  two  looped  wires  the  remainder  will  he  the  resistanoe  of 
the  earth.  J 

223.  By  means  of  a  teat  made  in  thie  manner  we  can  detee-'^ 
mine  not  only  the  reeistance  of  an  earth,  but  also  the  in-V 
dividnal  resistanoe  of  two  wires;  for  if  we  Bnbtract  B,  from-l 

—  -      ' -,  the  result  will  be  the  resistance  of  wire  No,  2,  1 

and  if  we  suhtract  Ej  instead  of  E,,  then  the  reBult  will  be 
the  resistance  of  wire  No.  1.  Sueh  a  test,  however,  although 
it  elimisatee  errors  due  to  defective  earths,  does  not  eliminate 
errors  due  to  earth  currents.  But  inasmuch  as  it  is  a  test  which 
is  applicable  when  only  two  wires  can  be  had,  it  is  useful,  eino%  -_ 
the  earth  current  errors  can  be  eliminated  by  a  method  v'  '  ' 
we  shall  investigate. 

L   TELEGEAPft  " 

224.  In  measuring  the  insulation  resistance  of  a  wire,  the  con- 
nections would  be  the  same  aa  for  conductivity  resistance,  except 
that  the  farther  end  of  the  wire,  instead  of  being  put  to  earlJi, 
would  be  insulated. 

225.  It  sometimes  happens  that  we  require  to  find  the  in- 
sulation resistance  of  two  sections  of  one  wire,  but  wo  can  only 
test  from  one  end. 

Now,  if  we  join  several  wires  together,  one  in  front  of  the 
other,  it  is  evident  that  the  total  intulatiaa  resistance  of  the 
combination  will  diminish  a.ccording  to  the  number  of  the 
wires  and  according  to  the  insulation  resistance  of  each  of 
them.  The  law  for  the  totad  resistance,  in  fact,  will  be  the 
same  as  that  for  the  joint  amilactiyr  resistance  of  a  number  of 
wires  joined  up  in  multiple  arc  (page  62).  That  is  to  say,  the 
total  iniuiaJion  reiiataaee  of  any  number  of  wires  Joined  together  will 
be  equal  to  the  reeiprocnl  of  the  awa  of  the  reeip'ocali  of  their 
respective  insulation  retistances.  As  a  matter  of  fact,  it  is  imma- 
terial whether  the  wires  be  joined  together  one  in  front  of  the 
other  or  all  be  bunched  together ;  the  law  of  the  joint  insulation 
resistance  is  the  same  in  both  cases.* 


kTbis 
taacG 
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Be,  then,  A  C  to  be  the  wire  which  is  required  to  be 
tested  for  insulation  resistance  from  A  ia  two  eeotions,  A  B  and 
B  C,  Let  a  be  the  ineulatioa  resistauce  of  the  seotioo  A  B,  and 
6  the  insulation  reaietance  of  the  eection  B  C ;  and  snppose  x  to 
be  the  insulation  resiBtance  of  the  whole  wire  from  A  to  C,  then 


.+-4' 


All  we  have  to  do,  therefore,  suppoaiDg  we  are  testing  from  A, 
is  first  to  get  the  end  C  insulated  and  to  measure  the  insulation 
reaiatance ;  this  gives  ub  x.  Next  get  the  wire  separated  at  B, 
and  the  end  of  the  section  A  B  insulated.  Again  measure  the 
insulation  resistance ;  this  gives  us  a.  Then  frotu  the  two  results 
h  can  be  calculated. 

For  example. 

The  ijunilalion  resistance  («)  of  the  whole  wire,  from  A  to  0, 
"     I  found  to  be  6000  ohms,  and  that  from  A  to  B  (a),  24,000 
AVhat  was  the  insulatioa  resistance  (b)  of  the  section  B  ? 
24,000  X  6000 

I  226.  To  obtain  the  conduetinty  resistance  of  one  section  of  a 
"'  i  when  the  resistance  of  the  other  section,  and  also  of  tlie 

p'hDle  wire,  is  known,  we  have  only  to  subtract  the  resistance 
F  the  one  section  from  the  rosistauce  of  the  whole  section, 
!he  truth  of  this  is  obvious. 


I  227.  When  the  oonduclivity  resistance  of  a  line  of  telegraph 
8  measured  by  having  the  farther  end  of  the  lino  put  to  earth, 
the  presence  of  earth  currents,  that  is  to  say,  the  ourrrents  set 
up  by  electrical  disturbances  over  the  surface  of  the  earth,  and 
aiflo  currents    due  to   the  polarisation    of    the   earth    plates, 

renders  the  formula  x  =  dr,   when  equilibrium  is  produced, 

incorrect.  To  obtain  the  true  value  of  the  resistance  of  the 
wire,  therefore,  a  different  formula  ia  necessary. 
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Equilibnum  Method. 

228.  In  Fig.  69  letE  be  the  eleotromotive  force  of  the  testing 
T)attery,  E^  the  electromotiye  force  of  the  earth  current,  whose 
valne  will  be  +  or  —  according  to  its  direction,  and  let  a,  h,  d,  x, 
and  r  be  the  resistances  of  the  various  parts  of  the  bridge ;  then 


Ci,  C2,  c,,  C4,  and  Cs  being  the  current  strengths  in  the  different 
branches,  we  have  by  Kirchoff*s  laws  (page  134),  when  equi- 
Ubrium  is  produced,  the  following  equations  connecting  the 
resistances,  current  strengths,  and  electromotive  forces : — 

Cj  —  C4  =  0 

Cj  —  C3  =  0 

Cj  -  C3  -  C4  =  0 

Cj  a  —  C2  b  =  0 

C4  a?  —  C3  (2  =  i  El 

c^r  +  c^d  +  C2h  =  E. 

By  elimination  we  obtain  two  values  of  c^,  one  in  terms  of  the 
battery  Ei,  and  the  other  in  terms  of  E,  thus 


C4-  ± 


E. 


ad 
b 


and 


E 


6 
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229.  If  W6  equate  the  two  values  of  c,  we  can  get  tbe  relation 
between  the  two  electromotive  forces  E  and  E„  and  thus  obtain 
a  method  of  determining  the  relative  eleotrouiotivo  forces  of  the 
batteries,  for  we  have 


E         a{d  +  r)  +  b(a  +  ry 
230.  From  the  latter  equation  we  find 

ad      'E,ra{d  +  r)  +  b(a  +  r)-\ 
6   -  e[  6  J* 

To  make  this  equation  useful  it  ia  nocesaary  that  E,  and  E  be 
known.  If,  however,  we  reverao  the  testing  battery  and  again 
obtain  equilibrium  by  readjusting  d  to  d,,  we  get  a  second 
equation,  viz., 

±  E, 6  a  -ad, 

^E  -a(d,  +  r)  +  bia  +  r)' 

we  therefore  have 

ad, 


a(d  +  r-)  +  b(a  +  r)^  ai_d,  +  r)  +  b(a  +  r}        "' 
By  multiplying  up  we  get 

b.[a(d,  +  r)  +  b(,a  +  r)]-ad[a(d,-l-r)  +  l{^  +  r)] 
+  b.[.(i  +  r)  +  H«  +  r)]-.d,[.(,I  +  r)  +  l(a  +  ,)] 
=  0; 
that  18 

^«    ii[»(.i,  +  r)  +  t(a  +  r)]+d.[a(J  +  r)  +  i(.  +  r)] 


-iL(i  +  i)  +  (d,  +  t)    'J  m 

-['('  +  ;)  +  ']■ 

example. 
In  making  a  conductivity  teat  of  a  wire  in  which  an  earth 
current  existed,  with  the  zinc  pole  of  the  battery  to  line  equi- 
librium was  obtained  when  d,  was  8000  ohma.     On  reversing 
the  testing   onrreut,  equilibrinia   was   obtained   when   d  was 


■^ 


I 


ZlU  HANDBOOK  OP   ELECTRICAL  TESTING.  ^ 

6000  ohms.     The  resiBtanceB  a  and  6  being  100  and  1000  ohms 
respectively,  and  the  resiBtance,  r,  of  the  battery  200  olimB,  wliat 


was  the  reaistaoce,  x,  of  the  tine  ? 


.  +  ^)+™o] 


100  p  (6000  +3200)  (80&0 +3200) 
'  1000[(6000+3200)+(80(>0+3200)  ' 


320ol  =  690-2ohinB. 

It  may  be  pointed  out  that  the  quantity  .-j- "v^-_j_y  .'   ,  i.( 

equation  [A]  ia  the  Aonnonic  mean  of  the  quantities  {d  +  ft) 
,  and  (<i,  +  k). 

Various  abbreTiationa  of  formula  [A]  have  been  suggeeted, 
but  none  of  them  are  aatisfactory  except  under  certain  condi- 
tions, and  inasmuch  aa  the  formula  is  only  required  oooa- 
aionally,  the  advantage  of  a  Bimplification  which  at  the  beat 
is  only  an  approximation  is  a  doubtful  one. 

E<iual  Deflection  or  "  Falee  Zero"  Method. 

231.  Eeferring  to  page  172,  if  we  suppoBe  that  there  ia  tiM 

electromotive  force  Ej  in  the  "branch  x  (Fig.  59),  then  equatio! 

[7]  becomes 

c,[f{d,  +  x)  +  x{b+d,)-] 

lc,{r(a  +  b)~+a(b  +  d,-] 

_  ~e,(hg  +  d,g  +  bx  +  hd,)  +  -E(d,  +  x)-'E,(b  +  d,)_ 


1 


w : 


or  say 

that  is 


c,{ad,  +  bd,+  bg  +  d,g-)  +  -E(a+h) 


-c,  fe'  +  E  (rf,  +  a;)  -  E|  (&  +  d,) 
c,i"  +  E(ffl+6)  ' 


E  (ti,  +  a)  -  E,  (6  +  d,)  -  E  («  +  i)  K 
k"K  +  k- 

Now,  supposing  the  electromotive  force  E  is  removed  withvl 
out  altering  r,  and  suppose  at  the  same  time  that  c,  and  th^ 
other  quantities  remain  imaltered,  then  we  have 
c,fc'-  Bi(b  +  d,) 


K  = 


thatii 


c,k" 


~E,(b  +  d,) 

yK4 
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E(a  +  6)K=  -E,(fc  +  </,); 


If  therefore  wo  have  a  key  so  arranged  tbat  i 
a  reeietance  equal  to  that  of  the  battery  is  iasorted  in  the  pla 
of  the  latter,  thou  oq  adjuatiog  tho  resiBtances  bo  that  no  alter- 
ation in  the  deflection  of  the  galvanometer  needle  is  produced 
ty  the  movement  of  the  key,  we  get  the  value  of  aj  at  once  from 
the  ahove  equation. 

232.  When  the  battery  connections  for  measuring  conduc- 
tivity are  msido,  as  shown  by  Fig.  51  (page  169),  then  in  order 
to  put  the  zinc  current  to  line,  we  should  put  the  cable  or  line  to 
0  and  the  earth  to  E.  To  put  the  copper  to  line  we  can  either 
reverse  the  battery  or  put  the  cable  to  E  and  the  earth  to  C, 
whichever  is  most  convenient  to  the  experimontor. 

Measubembnt  of  tiie  Condoctivitt  Eesistance  op  a  Sobmarinb 
Cable. 

233.  When  we  are  measuring  tho  conductivity  of  a  submarine 
oable,  which  requires  to  be  carefully  done,  the  best  method  to 

t  ia  the  following : — 

it  on  the  battery  current  for  half  a  minute  by  pressing 
I  the  right-hand  key ;  at  the  expiration  of  that  time,  pro- 
to  adjust  the  plugs,  pressing  down  tho  left-hand  key  ai 
required  until  equilibrium  ia  produced ;  continue  to  adjust,  if 
the  needle  does  not  remain  at  zero,  and  at  the  expiration  of  half 
B  minute  note  the  resiBtance,  Now  reverse  the  battery  connec- 
put  on  the  current  for  half  a  minute;  again  measure, 
p  3 


oable, 

■fgS,'t 

^^H|(mn 
^^Seed  i 
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1 

(Till 

■ith 

ire- 

'J 


,  and  80  on  nntil  aliont  a  dozen 
r  current  have  been  taken.  It  will 
naually  bo  found  that  about  half  the  measaremonts  made  with 
the  negative  current  are  the  same,  and  also  half  the  measare- 
ments  made  with  the  poBitive  current;  these  results  may  bad 
taken,  aa  the  ooirect  moasuremCDte  for  d  and  d^.  | 

23i.  In  order  to  reverse  the  current  through  the  cable,  we  caxm 

■  either  reverse  the  battery,  or  the  line  and  earth,  connections  ' 
(S  232).  There  ia  an  advantage  in  doing  the  latter,  as  by  thia 
means  the  galvanometer  deflection  due  to,  Gay,  too  much  resist- 
ance being  inserted  between  D  and  E  (Fig.  51,  page  169),  ia 
always  on  the  same  sido  of  zero,  although  the  direction  of  the 
current  through  the  cable  is  xevorsed.  Thus  it  is  easy  to  see 
at  a  glance  in  every  case,  and  without  chance  of  a  miatake, 
whether  balance  is  out  in  consequence  of  too  much  or  too  little 
resistance  being  inserted, 

235.  The  presence  cf  earth  currents  can  be  detected  when 
the  line,  galvanometer,  and  earth  are  joined  to  the  resistance 
bos,  by   pressing  down  the   loft-hand   key  alone.      This  will 

■  cause  the  galvanometer  needle  to  be  deflected  if  there  are  any 
currents  present.  A  line  is  seldom,  if  ever,  qxtite  neutral  in 
this  respect. 
236.  It  is  almost  immaterial  what  battery  power  is  used  in 
measuring  conductivity;  sufficient,  however,  should  be  used  to 
obtain  a  good  deflection  on  the  galvanometer  needle  when  equi- 
librium is  not  exactly  produced.  About  10  or  20  cells  ia  a 
convenient  number  to  employ.  There  is  no  danger  of  heating 
the  tesistanae  coils  with  such  a  power  if  the  battery  be  a 
Daniell  charged  with  plain  water,  or  even  a  Leclanche,  as  their 
internal  resistances  are  considerable,    It  would  not  be  advisable, 

I  however,  to  use  a  Grove  or  a  Eunsen  battery,  or  a  Daniell  ■ 
charged  with  acidulated  water,  as  their  heating  power  is  great  ^M 
in  conse:^uence  of  their  Btuall  internal  resistances.  ^| 

Elimination  of  the  KEaisTANCE  of  Leading  Wires.  ^H 

S87.  In  order  to  determine  the  exact  resistance  of  the  con^^^f 
duotor  of  a  cable,  or  coil  of  cable  core,  for  example,  it  is  of  coursw  ^^ 
necessary  that  the  resistance  of  the  wires  leading  from  the  testing- 
room  to  the  tank  in  which  the  cable  or  core  is  placed,  should  be 
deducted  from  the  total  measured  resistance.  This  involves  a 
calculation  which,  although  slight,  still  might  be  avoided  with 
advantage,  especially  if  a  large  number  of  measurements  have 
to  be  made.  At  Messrs.  Siemens'  works,  at  Charlton,  a  very 
simple  device  is  adopted  which  enables  the  resistance  of  the      m 
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leading  wire  to  be  eliminated,  thus  rendering  any  deduction 
unneceBsary.  For  this  purpose  a  email  supplementary  slide  wire 
resistance  (§  18,  page  15)  ia  connected  in  the  arm  A  E  of  the 
bridge  (Fig.  50,  page  166) ;  the  leading  wires  (when  connected 
to  the  bridge)  being  looped  together  at  their  further  ends,  and  all 
the  plugs  being  inserted  iu  A  E,  the  slide  resistance  is  adjusted 
till  balance  is  obtained  on  the  galvanometer.  The  leads  are 
now  connected  to  the  cable  or  core  to  be  tested,  and  then 
balance  is  again  obtained  on  the  galvanometer  by  removing 
plugs  from.  A  E  is  the  usual  manner.  This  being  done,  the 
resbtance  unplugged  in  A  B  (allowing  for  the  ratio  of  the 
arme  A  B,  B  C,  of  the  bridge,  if  the  two  are  unequal)  obvioiuly 
gives  the  exact  value  of  the  resiatance  required,  since  the  resist- 
ance of  the  leads  ia  balanced  by  the  slide  resistance. 

H  UeASUREUEKT  op  BAPrERT  RESISTiLNCE. 

P  238.  The  resistance  of  a  battery  which  consists  of  a  large 
number  of  cells  may  in  many  cases  be  measured  with  a  con- 
eiderable  degree  of  accuracy  by  means  of  the  Wheatstone 
bridge,  in  the  following  manner : — 

Divide  the  battery  into  two  equal  parts,  and  connect  the  two 
halves  together  so  that  their  olectroraotive  forces  oppose  one 
another;  under  those  conditions  the  battery  may  be  treated  as 
an  ordinary  rosistance,  and  measured  as  such. 


214  HANDBOOK  OF  ELEOTRIOAL  TESTING. 


CHAPTEE  IX 

LOCALISATION  OF  FAULTS. 

239.  The  theoretical  methods  of  testing  for  the  localities  of 
faults  are  comparatively  simple,  but  their  practical  application 
presents  some  difficulties. 

Localisation  of  a  full  Earth  Fault. 

240.  The  simplest  kind  of  fault  to  localise  is  a  complete 
fracture  where  tne  fault  offers  no  resistance,  and  the  conduc- 
tivity resistance  at  once  ^ives  its  position.  Thus,  a  line  which 
was  100  miles  long,  and  m  its  complete  condition  had  a  resist- 
ance of  1350  ohms,  that  is  to  say,  a  resistance  of  \^^  =13*5 
ohms  per  mile,  gave  a  resistance  of  270  ohms  when  broken. 
Then  distance  of  fault  from  testing  station  was 

270       ^^     ., 
r7r-=  =  20  miles. 

Localisation  of  a  partial  Earth  Fault. 

241.  When  the  fault  has  a  resistance,  the  localisation  becomes 
somewhat  difficult.  The  following  are  the  theoretical  methods 
generalfe^  adopted  (Fig.  60). 

Fig.  60. 
M & g i — 2 


First  Method. 


242.  Let  A  B  be  a  line  which  has  a  fault  /  at  C,  A  being  the 
testing  station,     A  first  gets  B  to  insulate  his  end  of  the 
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line.    He  then  meaBurea  thu  rosititatice,  which  v/o  vill  call  I, 


»+/  =  !; 


ft  a 


blliag  L  the  reeiatance  of  the  lino, 
0  +  6  =  ) 


[1] 
Let  the 


[2] 


[3] 


&( 


From  these  three  equations  we  have  to  determine  a,  Sol> 
«tituting  in  [2]  the  valuea  of/  and  b  obtained  from  [1]  and  [8], 
we  get 

{I  -  a)  (L  -  g)  _ 


a  +  '- 


^  =  1,. 


lereforo 


L  +  l- 

a»-2oZ,  =  L£-LZ, -ii,; 

9  a  must  be  leas  than  It,  and  the  root  conse- 


h 


from  'whioh,  Bin 

queutly  nogativ 

"h-  V(i-y  (L-y. 

jFW  easample, 

A  faulty  cable,  whose  total  oondnctivity  resistance  whcD 
Srfect  was  450  ohms  (L),  gave  a  resiatanco  of  350  ohms  (I) 
when  the  farther  end  was  insulated,  and  270  ohma  (/j)  when 
the  end  was  put  to  earth.  What  was  the  resistanco  of  the 
conductor  np  to  the  fault  ? 


ResiataDce  =  270  -  V  (.350  -  270)  (450  -  270)  =  150  ohma. 
If  tho  length  of  the  cable  were  50  milea,  then  conductivity  per 
mile  equals  ^-^-^  =  9  ohms,  and  distance  of  fault  from  testing 
station  consequently  equals  i-|5  =  16J  miles. 

Second  Method. 

243.  Two  measuremeuta  are  made,  one  by  station  A,  and  the 

other  by  station    B,  A  and  B   insulating  their  end  in   turn. 

Thua  rusistance  measured  from  A  when  B  insulates,  as  before,  ia 


r 
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Beeistunce  measured  from  B  when  A  insalates 

also 

a  -i-  b  =  L. 

Subtracting  [2]  from  [1] 

a-b  =  l-k, 
I  uid  adding  [S] 

\  2a  ^J.  +  1-l,; 

I  therefore 

L  -f  I  -  Z, 
a  =  -2 

For  example. 

A  faulty  cable,  whose  total  condnctiTity  resiBtance  when 
perfect  was  450  obmB  (L),  when  measured  irom  A  with  the  end 
at  B  insulated,  gave  a  resiHtaiice  of  360  ohms  (I);  and  when 
measured  from  B  with  the  end  A  insulated,  a  resistance  of  500 
ohms  (li).  What  was  the  resistance  of  the  conductor  from  A  to 
the  fault? 

Eesistance  = „ =  150  ohms.  ^1 

4 

PRACTICAL   EsECDTION   OF  TeSTS.  " 

244.  So  far  the  testing  is  simple ;  the  practical  application, 
however,  presents  some  difficulty.  This  is  owing  to  the  varia- 
tion of  the  resistance  of  the  fault  when  the  testing  current  is 
put  to  the  cable,  in  consequence  of  this  current  acting  on  the 
copper  conductor,  and  through  the  ^ency  of  the  sea  water 
ooveriug  it  with  a  salt,  which  l:>esideB  increasing  the  resistance 
of  the  feult,  also  sets  up  a  current  opposing  the  testing  current. 
To  make  a  proper  test,  then,  it  is  necessary  so  to  manipulate 
the  testing  apparatus  and  battery  as  to  get  rid  of  the  polarisa- 
tion  and  resistance  set  up  by  the  salt  formed  on  the  fault,  and 
to  measure  the  resistance  at  the  moment  this  is  done.  The  i 
following  is  known  as : —  ■ 

Lousden's  Method.  § 

245.  The  further  end  of  the  cable  being  insulated,  the  con- 
ductor is  cleaned  at  the  fault  by  applying  a  zinc  current  from 

JOO  oeUa  for  ten  or  twelve  hoars,  the  coirent  being  oocasionally 
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Terereed  for  a  tev  minutes.  A  rough  resistance  test  is  then 
made  with  a  oopper  current. 

A  positive  current  is  now  applied  to  the  cable  for  about  one 
minute,  using  two  or  three  cells  for  every  100  units  of  resist- 
ance which  have  to  be  measured.  This  coats  the  conductor 
with  chloride  of  oopper. 

The  oable  is  now  again  connected  to  the  resistance  coils,  and 
the  battery  and  galvanometer  «mmiections  made  as  shown  by 
Fig.  61  (page  16y),  the  zinc  pole  being  to  terminal  B'  and  the 
copper  to  terminal  E.  The  cable  must  be  joined  to  C,  and  earth 
b)E. 

Both  keys  being  depressed,  tbe  galvanometer  needle  is  care- 
fully  watched  and  plugs  inserted  and  shifted  unit  by  unit,  bo 
as  to  keep  the  needle  at  zero ;  for  the  action  of  the  negative 
current  is  to  clean  off  the  chloride  of  copper,  and  thereby  to 
reduce  the  resistance  of  the  fault.  At  a  certain  point  this 
decomposition  becomes  complete,  and  the  needle  of  the  galva- 
nometer flies  open  with  a  jerk,  showing  that  a  disengagement 
of  hydrogen  has  taken  place  at  the  fault  which  enormously 
increases  its  resistance.  The  resistance  in  the  resistance  coils  at 
that  moment  is  the  required  resistance. 

The  fault  being  once  cleaned  by  the  application  of  the  100 
cells  for  ten  or  twelve  hours,  it  is  unnecessary  on  repeating  the 
measurement,  which  should  always  be  done,  to  apply  the 
battery  for  so  long  a  time  ;  ten  or  twenty  minutes,  or  even  less, 
will  generally  suffice. 

When  tbe  measurement  is  made  with  the  farther  end  of  the 
cable  to  earth,  the  same  process  of  preparation  can  be  employed. 

The  rate  at  which  the  decomposition  of  the  salts  at  the  fault 
takes  place,  depends  to  a  very  great  extent  upon  the  strength  of 
the  current  flowing  out  at  the  fault ;  now,  if  tbe  latter  be  very 
near  tbe  end  at  which  the  teat  is  being  made,  tbe  resistanoe 
between  the  testing  battery  and  the  fault  will  be  so  small  that 
the  changes  at  the  latter  will  take  place  with  great  rapidity,  and 
it  would  be  a  matter  of  great  difficulty  to  adjust  the  resistance 
in  the  bridge  quickly  enough  to  follow  up  the  change  of  resist- 
ance at  the  fault  as  it  takes  place.  To  avoid  this  difficulty  the 
beet  plan  is  to  insert  a  resistance  between  the  bridge  and  the  end 
of  the  oable  ;  this  will  retard  the  changes  by  reducing  the  strength 
of  tbe  current  flowing  in  the  circuit.  The  value  of  this  resist- 
ance will  depend  entirely  upon  circumstances,  and  will  be  a 
matter  of  judgment  with  the  person  making  the  test,  but  in  any 
case  it  should  not  be  out  of  proportion  to  the  actual  conductor 
reeistanoe  of  the  oable. 

Tita  amount  of  battery  power  used  is  also  a  matter  dependent 
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upon  cjrcumstaiices,  but  the  higber  the  power  it  is  found  poesibli 
to  use  tlie  lesa  will  the  e&eot  of  earth,  currents  influence 
accuracy  of  the  test. 

The  resietance  employed  in  the  arms  A  B,  B  C  of  the  bridge 
(Fig,  51,  page  169),  will,  to  Borae  extent,  raodiiy  the  rate  at 
which  the  changes  at  the  fault  take  place,  and  here  again  dis- 
cretion must  be  UHed,  as  no  definite  rule  can  well  be  laid  dowiii 

It  might  be  imagined  that  a,  "elide  reeiBtance"  (page  11) 
would  be  very  advantageous  for  making  a  test  of  this  kind, 
but  practjcal  experience  sho^e  that  the  plug  resistances  are 
preferable  in  many  cases. 

The  galvanometer  with  which  this  and  the  following  test 
must  be  made,  must  be  an  ordinary  astatic  one  (page  16)  with 
filar  fiuapended  or  pivoted  needles.  A  Thomson's  reflecting 
galvanometer  is  quite  useleas  for  the  purpose. 

Before  making  the  test,  A  must  of  course  arrange  with  B,  or 
vice  versa,  at  wlwt  time  and  for  how  long  he  is  to  insulate,  pni 
to  earth,  &o.,  his  end  of  the  cable. 


)ibl«H 
theH 


Tahie's  Method.  ■ 

246.  Mr.  J.  J.  Fabie,  in  a  paper  read  before  the  Society  of  ^ 
Telegraph  Engineei-s,*  has  given  the  results  of  some  very  care-  ' 
ful  esperinients  and  teste  which  he  has  made,  bearing  upon  the 
subject  of  testing  for  faults.     Hia  method  contains  many  valu- 
able points  of  novelty,  and  is,  in  the  author's  words  as  nearly  as 
possible,  as  follows  ; — 

The  oable-current  is  eliminated  by  sending  into  the  line  the 
current  of  the  opposite  sign  to  that  coming  from  it,  and  arrang- 
ing the  strength  and  duration  of  this  current  to  suit  the  strengta 
of  the  one  from  the  cable.  Thus,  if  the  latter  be  strong  and 
negative,  put  (say)  sixty  cells  positive  to  line  for  a  couple  of 
minutcB,  and  then  note  the  condition  of  the  cable-current;  if  it 
be  still  negative,  but  weaker,  put  the  battery  on  again  for  a 
short  time,  and  continue  to  do  so  until  the  galvanometer  needl^l 
,  indicates  a  weak  positive  current  from  the  fault.  If  the  latte ' 
'  be  now  left  to  itself  and  the  cable  put  to  earth  through  a  g 
yanometer  the  needle  will  steadily,  and  as  a  rule  leisurely,  i 
to  zero  and  pass  over  to  the  other  side,  indicating  a  negative 
ouiTont  again  from  the  fault.  While  the  needle  is  on  zero  t' 
line  is  free  and  in  a  fit  state  foi  the  subsequent  test. 

If  the  cable-current  be  positive,  put  sisty  cells  negative  c 
until  the  fault  is  depolarised ;  the  effect  in  this  case  is  more  bri' 
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than  in  the  other,  the  needle  faliing  quickly  to  zero  &nd  crcnsmg 
to  ite  oiiginal  position. 

Having  once  eliminated  the  current  from  the  faolt  (and  the 
operation  very  rarely  esoeeda  ten  minutes  in  the  most  obatinate 
cases)  the  cable  can  always  be  kept  free  by  momentary  appli- 
oations  of  the  necessary  battery  pole.  Thns,  if  the  needle  begin 
to  move  off  zero  in  the  direction  indicating  a  negative  current 
from  the  fault,  a  positive  current  applied  for  a  moment  will  bring 
it  back,  and  vice  vertd.  In  practice  it  is  best  to  repolariae  the 
fault  slightly  in  the  opposite  direction,  as  a  little  time  is  thereby 
gained  to  arrange  the  bridge  for  a  test 

Having  shown  how  to  prepare  the  cable,  the  teat  will  now  be 
described.     The  bridge  is  arranged  ae  shown  by  Fig.  61. 


P  is  the  infinity  plug ;  when  this  plug  ia  removed  the  oonnoo- 
tioa  between  the  branch  coils  b  and  the  resistance  d  is  severed  ; 
Kt  19  an  ordinary  key  for  putting  the  line  to  earth  through  the 
galvanometer  Gj  or  to  the  bridge  as  may  he  required.  The  rest 
needs  no  explanation. 

First  ascertain  by  an  ordinary  test  the  approximate  resiatance 
of  the  faulty  cable  and  leave  it  unplugged  in  il.  NeJtt  allow 
the  line  to  rest  for  a  few  minutes  in  order  that  it  may  recover 
itself  from  the  effects  of  the  current  employed  in  this  preliminary 
tost,  and  then  depress  K^,  and  observe  the  cable-current  on  the 

galvanometer  G^ ;  let  it  be  positive,  open  the  key  Kj,  remove 
le  plug  P,  and  send  a  negative  current  from  the  testing  battery 
of  (say)  sixty  cells  into  the  cable  vid  the  branch-coils  o,  which 
ioiild  beplugged-in  to  avoid  heating.    When  the  oable-current 
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h&e  been  repolarised — a  fact  which  may  he  ascertained  by  putting 
the  cable  to  earth  at  intervals  through  Gj — arrange  the  bridge, 
eloBe  the  key  K,,  and,  keeping  the  cable  to  Gj,  watch  till  the 
needle  comes  to  zero;  at  that  moment  let  K,  fly  back,  and  send 
a  negative  current  through  the  bridge  ayfltem,  obBCrving  the 
iuBtantaneoua  effect  on  the  galvanometer  G,.  If  d  be  too  great 
the  needle  vrill  be  deflected  in  a  direction  (say  to  the  right)  in- 
dicative of  this,  but  immediately  after  it  will  rush  acroaa  zero 
and  up  the  other  side  of  the  galvanometer  (to  the  left),  showing 
that  the  cable-current  hae  again  set  in.  If  i2  be  too  small  the 
needle  will  paaa  to  the  left,  at  first  slowly,  but  immediately  after 
with  a  hound,  d  is  now  adjueted,  resistance  is  inaertod  or  removed 
as  required,  and  the  eliminating  process  begun  again.  Aa  d 
more  nearly  resembles  the  resistance  of  the  cable,  the  first  and 
instantaneous  deflections  after  battery-contact  become  smaller ; 
and,  when  d  and  the  cable  resistance  are  equal,  the  needle 
tremblea  over  the  zero-point  for  a  moment,  and  then  rushes  over 
to  the  left  under  the  influence  of  the  cable-current. 

Should  the  current  given  off  by  the  fault  be  negative,  having 
arranged  the  bridge  as  before,  repolariae  the  fault  with  a  posi- 
tive battery  current,  and,  waiting  till  Gj  shows  the  cable  &ee, 
proceed  to  teat  aa  before,  but  using  a  positive  current  instead  of 
a  negative.  Should  d  be  too  great  the  needle  of  Gi  will  be  de- 
flected in  this  case,  first  to  the  left  and  then  to  the  right  Should 
it  be  too  small  the  needle  will  move  to  the  right,  at  first  slowly, 
but  immediately  after  with  a  rush.  The  galvanometer  Gj  must 
always  be  ready,  and  not  short  circuited,  else  the  first  and  in- 
etantaneous  deflections  after  battery-contact  will  not  be  perceived. 

In  practice  it  is  found  that  ■when  the  cable-current  is  positive 
it  is  easily  eliminated  by  a  negative  current,  but  that  when  it 
18  negative  the  operation  with,  a  positive  current  is  more  diffi- 
cult. Indeed, it  is  better  not  to  employ  a  positive  testing  current 
at  all,  except  for  a  moment  ~when  it  is  required  to  eliminate 
a  weak  negative  cable-current.  A  positive  current  applied  for  a 
few  seconds  in  this  manner  has  only  time  to  depolarise  a  fault, 
but  when  oontiuued  longer  it  aeenia  to  actually  coat  the  exposed 
wire  with  badly  conducting  sabstanoes,  by  wbioh  the  total  ro- 
sistance  is  increased. 

It  will  be  noticed  that  when  the  fault  is  depolarised  by  a 
positive  current  of  any  duration  it  does  not  recover  itself  for  a 
long  time.  If  a  galvanometer  be  joined  in  circuit,  its  needle  will 
remain  at  or  near  zero  for  a  coufiiderahle  time,  occasionally 
oscillating  feebly.  The  depolarisation  by  a  negative  current,  on 
the  other  hand,  lasts  only  a  few  moments. 

The  whole  of  the  foregoing  observations  do  not  appear  to  be 
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applicable  to  every  faolt.  Thus,  when  the  fault  has  considerable 
reaietance  in.  iiaelf,  or  when  more  faults  than  one  exist,  it  is  not 
always  possible  to  eliminate  the  cable-current.  Again,  when  the 
fault  possesses  resistauoe,  the  direction  and  strength  of  the  oable- 
□urreut,  when  the  distant  end  is  alternately  insulated  and  put  to 
earth,  do  not  always  coincide.  For  example,  a  fault  occurred  on 
a  sis-mile  piece  of  shore-end  cable,  which  reduced  the  insulation 
resiHtaaoe  to  about  2000  units  absolute.  Now,  when  the  further 
end  of  this  piece  was  to  earth,  a  strong  negative  current  was 
often  obtained,  but  when  it  was  insulated  the  cable-current  was 
slight  and  positive.  Again,  when  the  fault  is  further  off  than 
about  150  miles,  and  the  intervening  cable  perfect,  the  charge- 
current  interferes  with  the  test. 

247.  The  principal  obstacle  found  in  testing  for  faults  is  the 
presence  of  earth  currents.  If  it  were  not  for  these  there  would 
really  be  but  comparatively  little  difficulty  in  making  satis- 
factory testa.  But  even  earth  currents  would  not  oreafe  any 
serious  difficulties  provided  they  kept  constant  in  strength  and 
direction  for  any  length  of  time;  this,  however,  is  unfortunately 
seldom  the  case,  and  it  is  often  only  by  patient  watching  that  a 
few  seconds  can  be  obtained  whan  the  cable  is  in  a  quiescent 
condition,  and  a  test  of  correct  value  made. 

The  earth  current  difficulty  is  especially  met  with  in  long 
cables,  and  it  is  not  uncommon  for  days  to  pass  without  a  satis- 
tory  test  being  taken. 

248.  Practice  is  required  before  these  tests  can  be  satisfactorily 
made.     An  artificial  line,  however,  can  easily  be  msidu  with  re- 

aistanoo  coils  to  represent  the  resistance  of  the  line  up  to  the 
fault,  and  a  short  piece  of  cable  core  which  has  been  pierced 
with  a  needle  for  the  fault  itself.  This  piece  of  core  is  immersed 
in  a  vessel  of  sea-wator,  using  a  piece  of  galvanised  iron  plate  or 
wire  for  an  earth.  By  this  means  a  very  fair  idea  of  some  of 
the  difSculties  encountered  in  testing  for  faults  in  cables  may 
"     obtained,  and  good  practice  made. 


1 
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Eehpe's  Loss  OF  Current  Test. 


:9.  In  this  test,  which  is  shown  by  Fig,  62,  a  battery  E  is 

permanently  connected,  through  a  galvanometer  G,,  to  one  end 
A  of  the  cable,  the  further  end  B  being  connected  to  earth 
through  a  second  galvanometer  GJ. 

Let  C,  be  the  current  sent  through  the  galvanometer  Gt,  and 
lot  C,  be  the  current  received  on  the  galvanometer  G,  then 

n  -0_J— ,    or     —J. ?■, 

•'+6  +  G         •  /+b  +  Q-  e. 
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employed,  otherwise  the  deflectioDB  obtained  would  be  beyond 
the  range  of  the  scale. 

It  will  sometimes  be  found  that  the  cable  is  traversed  by 
an  earth  current.  The  effects  of  this  may  be  eliminated  by 
means  of  a  compensatiiLg  battery  of  one  or  two  large-eized 
Daniell  cells,  iiiaerted  between  the  end  of  the  oabte  and  the 
galvanometer.  The  number  of  these  cells  used  should  be 
fllightly  in  excess  of  that  required  to  counteract  the  earth 
current,  exact  balance  being  obtained  by  means  of  a  shunt 
inserted  between  the  terminals  of  the  battery.  To  effect  this 
adjustment,  previous  to  putting  on  the  battery  E,  we  should 
connect  the  galvanometer  to  earth,  and  then  adjust  the  com- 
pensating battery  shunt  until  no  deflection  is  obtained.  Thi*: 
being  done,  the  battery  E  ia  oonuected  up  and  the  test  made  as 
if  no  earth  current  existed. 

It  will  seldom  be  found  that  a  larger  compensating  battery 
than  one  or  two  cells  is  Tequired  to  produce  a  balance,  and  if 
these  be  of  a  large  size  their  itLtemal  resistance  may  practically 
be  ignored. 

It  is  advisable  to  make  the  current  from  the  testing  battery 
flow  in  the  same  direction  as  the  current  which  tends  to  flow 
from  the  compensating  batteiy  ;  thus,  if  the  latter  requires  to  be 
inserted,  so  that  the  sino  pole  is  connected  to  one  terminal  of 
G,  and  the  copper  pole  to  the  end  A  of  the  cable,  then  the  copper 
pole  of  the  testing  battery  should  be  connected  to  the  seoond 
terminal  of  G,  and  the  zinc  pole  to  earth. 
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Beat  ConditioTU  for  making  the  Teat, 

The  resistances  of  the  battery  E  and  galvanometers  G  and 
should  be  as  low  as  possible. 


Tee  Loop  Test. 


i 


250.  When  a  faulty  cable  is  lying  in  the  tanks  at  a  factory  so 
that  both  ends  of  it  are  at  hand,  or  when  a  subme^^ed  cable  can 
be  looped  at  the  end  farthest  from  the  testing  station  with  either 
a  second  wire,  if  it  contains  more  than  one  wire,  or  with  a  second 
cable  which  may  be  lying  parallel  with  it,  as  is  often  the  cose, 
then  the  simplest  and  most  accurate  test  for  localising  the 
position  of  the  fault  is  the  loop  test. 

This  test  ia  independent  (within  certain  limits)  of  the  resist- 
ance of  the  fanlt,  thus  doing  a^y  with  the  necessity  of  cleaning 
and  depolariaing  as  would  be  uecessaiy  In  the  ordinary  tests. 
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There  are  two  ways  of  making  this  test  vrith  the  form  of 
apparatus  hitherto  doBoribed. 

Mprrat's  Method. 

251.  Fig.  63  shows  the  theoretical  and  practical  arrango- 
ments.  p  ia  the  point  where  the  two  wires  or  cablea  are  looped 
together  at  tho  farther  station,  /  boing  tho  fault. 


IE  the  resistance 
up  and  A  B  and 


Let  If  lie  the  resistance  from  C  to  the  fault, 
from  E  to  the  fault.  Then  B  C  being  plugged 
E  A  adjusted  until  equilibrium  is  produced, 

ABxa!=EAxy. 

Let  L  be  the  total  conductivity  Tesistanco  of  tho  whole  loop, 
then 

X  +  y  =  L, 
therefore 

«  =e  L  —  U.  
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^^^         Subetitntiog  this  Talue  of  a:  in  the  above  equation,  we  get     ^H 
^m  AB(L-  y)  =  EAxy,  H 

^^B     from  which  ^H 

H  »-I'(a//ea)-  I 

^^r  To  obtain  L,  'we  ehould  simply  join  up  for  the  ordincaiy  cot^^J 

ductivity  test,  as  Bhown  by  Fig.  51  (page  169).  The  fault  in 
this  case  has  no  effect  upon  the  teat,  provided  it  is  not  caused  by 
the  complete  fracture  of  the  cable ;  in  the  latter  case  the  broken 
ends  become  covered  with  salts,  which  would  make  the  resist- 
■nce  appear  higher  than  it  really  is.  When,  however,  the  fault 
in  due  to  a  simple  imperfection  in  the  insulating  sheathing,  the 
ordinary  conductivity  test  gives  the  correct  result 

252.  It  ia  advisable  to  keep  a  record  of  the  conductivity  resist- 
ance, BO  that  it  can  be  ascertained  without  the  necessity  of 
making  a  measurement. 

253.  In  the  practical  execution  of  this  loop  test,  the  couneo- 
tions  beiug  made  as  shown  by  the  figure,  all  the  plugs  between 
B  and  C  must  be  inserted ;  this  is  necessary,  because  the 
galvanometer  connection  is  made  on  to  the  terminal  B',  which 
is  the  same  as  B,  instead  of  on  to  C.  The  test  could  be  made  by 
placing  the  galvanometer  on  to  C,  hut  in  that  case  we  should 
lose  the  advantage  of  the  key,  which  it  is  always  best  to  use. 

The  plugs  being  inserted  between  B  and  C,  and  the  other 
plugs  being  in  their  places,  we  should  remove,  say,  the  1000  plug 
from  between  A  and  B,  and  having  pressed  down  the  left-hand 
key,  to  put  the  battery  current  on,  which  should  be  a  zina  (or 
negative)  one  as  shown,  we  should  adjust  the  plugs  between  D 
and  B,  pressing  down  the  right-hand  key  us  required  until  equi- 
librium is  produced.  The  different  resistances  being  inserted  in 
the  formula,  y  is  found,  which  being  divided  by  the  conductivity 
resistance  per  mile  of  the  cable,  gives  the  position  of  the  fault. 

For  example. 

A  cable  50  miles  long,  whose  total  conductivity  resistance 
was  450  ohms,  that  is,  9  ohms  per  mile,  was  looped  with  a 
second  cable,  which  had  the  same  length  and  conductivity 
resistance  as  the  first  cable — the  resistance  of  the  loop  being 
450  X  2  =  900  ohms.  The  adjusted  resistance  in  E  A  to  obtain 
iquihbrium  was  4000  ohms,  AB  being  lOOO  ohm 


I  Dividing  this  by  the  conductivity  per  mile,  which 
we  get  distance  of  feult  from  te8t\ng  a^alwa  =  ~  = 


/       1000       \  _ 
UOOO  +  400oJ  ~ 


180  ohms. 


3  mS^H 
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In  makiog  a  test  of  this  kind  it  is  advisable  to  uee  as  high 
resistances  as  possible  in  A  B  and  E  A,  because  the  greater  these 
resistanoes  are  the  greater  will  bo  the  range  of  adjustment. 

254.  We  know  that  the  best  galvanomeler  to  employ  would 
be  one  whose  resistance  does  not  exceed  10  times  the  joint 
resistance  of  the  reaiatanoes  on  either  side  of  it,*  In  practice, 
the  resistances  A  B  and  E  A  would  always  be  greater  man  the 
resistance  of  the  looped  cables,  itnd  the  Joint  resistance  of  the 
two  resistances  would  consequently  never  be  more  than  one-half 
the  resistance  of  the  looped  cables  ;  if,  therefore,  we  do  not  use  a 
galvanouketer  with  a  resistance  more  than,  say,  five  times  the 
resistance  of  the  looped  cables,  we  may  be  sure  that  the  con- 
ditions are  very  favourable  for  making  an  accurate  tost. 

The  value  which  E  A  should  have  depends  upon  the  value 
given  to  A  B,  and  since  the  range  of  adjustment  is  large  in  pro- 
portion as  E  A  is  large,  thesrefore  for  this  reason  it  is  advan- 
tageous to  make  A  B  as  large  as  possible ;  but  it  is  not 
advisable  to  make  it  higher  than  is  requisite  to  obtain  what 
may  be  considered  to  be  a  sufBcient  range  of  adjustment,  for  by 
making  A  B  and  E  A  large  the  cuiTent  which  passes  out  of  the 
battery  becomes  diminished,  and  consequently  the  effect  on  the 
galvanometer  will  also  be  diminished.  This  can  of  course  be 
compensated  for  by  adding  on  extra  batteries,  but  as  the  number 
of  the  latter  may  have  to  be  inconveniently  large,  it  is  as  well  to 
avoid  doing  so,  otherwise  there  is  no  limit  to  the  values  which 
may  be  given  to  A  B  and  E  A. 

It  is  possible  to  avoid  making  A  B  and  E  A  high  by  making 
the  latter  resistance  adjustable  to  a  faction  of  a  unit. 

If  the  fault  has  a  very  high  resistance  the  employment  of 
high  battery  power  is  inevitable,  as  this  high  resistance  is 
directly  in  circuit  with  the  battery.  In  such  a  case,  however, 
we  may  make  A  B  and  E  A  as  high  as  we  like,  for,  inasnmch  as 
the  current  flowing  out  of  the  battery  depends  upon  the  total 
resistance  in  its  circuit,  the  result  of  making  A  B  and  E  A  high 
is  to  add  but  very  little  1o  the  total  resistance,  unless  indeed 
they  are  very  excessive,  which  in  practice  can  hardly  be  the 

»To  sum  up,  then,  we  have 
Beat  Coiiditions  for  making  Murray's  Loop  Test. 

256.  Make  A  B  as  high  as  is  ncceaaary  to  obtain  the  required 
range  of  adjustment  in  E  A ;  if  A  B  and  E  A  would  in  this  ca^e 
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require  to  be  excessive  compared  with  the  resistance  of  the 
loop,  E  A  must  be  adjustable  to  a  fraction  of  a  unit. 

Employ  a  galvanometer  whose  resistance  is  not  more  than 
about  five  times  the  resistance  of  the  looped  cables. 

Employ  sufficient  battery  power  to  obtain  a  perceptible 
deflection  of  the  galvanometer  needle  when  E  A  is  1  unit,  or  a 
fraction  of  a  unit,  out  of  exact  adjustment. 

Vaelet's  Method. 
256.  This  is  showli  theoretically  and  practically  by  Fig.  64. 


Pig.  64. 


£ARTH 


'EARTH 


In  this  test,  B  C  and  A  B  are  fixed  resistances,  and  E  A  is 
adjusted  until  equilibrium  is  produced.  Then,  y  and  x  being 
the  resistances  of  the  fault  from  E  and  C  respectively, 

B  C  (E  A  +  2^)  =  A  B  ic. 
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x  =  h-y; 
BC(EA  +  y)  =  AB(L- 


I  If  AB  =  BC,  then 


For  example. 

The  two  cables  Twing  of  the  Bame  length  and  conductivity  a 
n  the  last  example,  and  AB  being  equal  to  BO,  equilibri 
*-a3  obtained  by  making  E  A  =  600 ;  then 

y  = ^ =  150  ohms. 


257.  It  is  neceasary  that  the  faulty  one  of  the  two  looped 
cables  be  attached  to  K,  or  elae  it  would  bo  impoBsible  to  obtain 
equilibrium.  If  we  were  testing  a  looped  cable,  and  after 
having  joined  it  up  we  found  that  we  could  not  obtain  equili- 
brium, we  may  be  sure  that  the  fault  lies  between  C  and  p. 
The  cable  must  then  be  reversed,  and  a  fresh  test  made. 

258.  The 'conditions  for  making  this  test  with  aocuraoy  are 
not  quite  eo  simple  as  they  were  in  Murray's  test.  In  this  case 
they  are  almost  precisely  similar  to  what  they  are  in  an  ordinary 
bridge  test,  for  the  resistance  S  A  -I-  ^  takes  the  place  of  the 
resistance  d  in  the  latter  test,  and  if  we  determine  the  best  con- 
ditions for  finding  x  we  practically  determine  the  best  conditions 
for  finding  y,  as  the  test  is  made  in  the  same  manner  for  deter- 
mining either  quantity. 

It  is,  however,  always  beat  to  have  the  relative  positions  of 
the  batt«ry  and  galvanometer  as  indicated  iu  the  figure.  For  if 
the  galvanometer  took  the  place  of  the  battery,  and  vice  verad, 
it' would  be  affected  by  any  earth,  or  polarisation  currents  wliich 
might  enter  at  the  fault,  and  this  would  render  adjustment 
diSonlt.     We  have,  then. 

Best  Conditions  for  makiitg  Varley'g  Loop  Tegt. 
t  359.  Make  B  C  aa  low  afl  possible,  but  not  lower  than  — ^• 
A^rfmah  a  hi^  Tfdue  that  E  A  when  j  jtmit  out  from 


I 
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exact  adjustment  produces  a  perceptible  movement  of  the  galvi 
no  meter  needle. 

A  rough  test  would  first  have  to  be  made  to  aBcertaiir 
approximately  the  values  of  x  and  y,  and  then  if  necessary  the  I 
resistanceB  muBt  bo  readjusted  ho  that  the  above  conditions  ara  | 
satisfied,  and  then  eiact  adjustment  of  E  A  be  made. 

Best  General  Conditiom  for  rnaking  the  Loop  Te*t. 

2B0.  Although  the  loop  test  avoids  errors  due  to  enriJcurrentB 
it  does  not  avoid  errors  due  to  cable  currents,  that  is  to  say, 
currents  set  up  by  chemical  action  at  the  fault  itself;  this 
action  causes  a  current  to  flow  in  opposite  directions  through 
the  branches  of  the  cable  on  either  side  of  the  fault,  in  other 
■words,  it  causes  a  current  to  circulate  in  the  loop.  This  current, 
although  comparatively  weat,  yet  is  sufficient  to  cause 
erroi-B  which  it  is  advisable  to  avoid  if  possible,  Mr.  A. 
Jamieson  states  that  by  balancing  to  a  "  false  zero"  (page  210) 
the  above  cause  of  error  may  be  eliminated  and  a  very 
siderable  increase  in  the  accuracy  of  the  teat  be  obtained. 


Correelion  far  the  Loop  Test. 


1»* 


261.  It  sometimes  happens  that  the  resistance  of  the  fault 
a  cable  approaches  the  normal  iuBulation  resistance  of  the  latter  js 
then  the  position  of  the  fault  indicated  by  the  loop  test  will 
not  be  its  true  position.  The  reason  of  thia  ia,  that  the  current 
flowing  in  a  faulty  cable  has  two  paths  open  to  it ;  one  through 
the  fault  and  the  other  through  the  whole  of  the  insulated 
sTieathing.  The  cable,  in  fact,  possesses  two  faulta  :  the  actual 
fault,  and  the  lault  due  to  the  conducting  power  of  the  insu- 
lating aheathing.  This  second  or  regultant  fanlt,  as  it  is  called, 
in  a  homogeneous  cable  is  equivalent  to  a  fault  in  the 
centre  of  the  cable  of  a  resistance  equal  to  the  insulation 
resistance  of  the  cable  itself  when  in  good  condition.  If  the 
cable  is  not  homogeneoua  throughout,  this  resultant  &ult  will 
lie  away  from  the  centre.  Ita  position  can  be  found,  however, 
by  the  ordinary  loop  test  when  the  cable  ia  sound. 

We  have  then  to  determine  the  true  position  of  the  fiin] 
when  the  position  and  I'esiatance  of  the  resultant  fault, 
insulation   resistance   of  the  cable  when  imperfect,   and    .._, 
position  of  tbe  fault  indicated  by  the  ordinary  loop  test,  are' 
known.     The  following  shows  how  this  may  be  done  approxi- 
mately:— 
In  Mig.  65  let  A  B  be  the  cable  joined  up  for  the  loop  teat^ 


tldH 
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/being  the  actual  fault,  t  the  reBultant  fault,  and  /i  the  appareat 
position  of  the  fault  given  by  tke  loop  teat. 

Let  P  equal  the  reaietauoe  of  t,  that  is,  the  ineulation  resiat- 
Anoe  of  the  cable  when  perfect;  also  let  I  equal  the  iuHulatiuu 


£ 


'^^a^ 


reaiatance  when  the  a 
the  joint  reBiatancoa,  i 
insulation  P ;  then 


^m    [^ 


]1b  has  a  fault,  which  reeistanoe  is  due  to 
f  the  fault  (which  we  will  call  c)  and  the 


■p  +  c 


when( 


■  Now  it  is  evident  that  the  position  of  f,  with  respect  to  i  and 
/  will  depend  upon  the  relative  values  of  P  and  c:  thus  if 
P  and  c  were  equal,  then/,  would  lie  midway  between  i  and  /; 
if  P  were  greater  than  c,  tben/,  would  be  nearer/;  or  again,  if 
"  leBB  than  c,  then  /  would  be  nearer  i.     Thia  being  the 

e  have  the  proportion 


p    /distance  betweenN  . 

'^■{    /,.»di    )■ 

}  Let  diBtanoe  A  fi   =  j3  and  A   : 
'  —  o ;  alao  let  distance  /i  /  = 


/distance  between'\ 


^,w-^y. 


the  position  of  tlie   true   fault  beyond   the 
«  of  the  fault  from  A  will  be 


I 


(fi-.) 


_^P- 


il 
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For  example. 

In  a  looped  cable,  whose  total  length  was  100  miles,  and 
total  conductivity  resistance  900  ohms,  the  ordinary  loop  test 
showed  the  apparent  position  of  a  fault  which  existed  in  it  to  be 
700  ohms  from  A,  that  is, 

P  =  700. 

The  position  of  the  resultant  fault  given  by  the  loop  test 
when  the  cable  was  new  was  found  to  be  500  ohms  from  A, 
that  is, 

a  =  600. 

The  insulation  resistance  of  the  cable  when  new  was 
3,000,000  ohms,  and  when  faulty  600,000  ohms,  that  is, 

• 

P  =  3,000,000. 
I  =     600,000. 

Where  was  the  true  position  of  the  fault  ? 
-    Distance  of  fault  from  A 

_  (700  X  3,000,000)  -  (500  x  600,000)  _ 

"  3,000,000  -  600,000  "  ^^"  ''^°'®' 

that  is  to  say,  distance  of  fault  beyond  distance  given  by  loop 
test  was 

750  -  )8  =  60  ohms. 

Or,  supposing  the  cable  to  have  a  resistance  of  9  ohms  per  mile, 
the  true  distance  of  the  fault  beyond  the  apparent  distance  was 
^,  or  5f ,  miles. 

If  the  cable  be  homogeneous  throughout,  the  resultant  fault 
will  appear  in  the  middle  of  it.     In  this  case  a  will  equal  -» 

where  L  is  the  total  length  of  the  loop. 
If  in  the  equation, 

Distance  of  fault  from  A  =  ^-^ —  , 

we  put  P  =  I,  or,  what  is  the  same  thing,   a  =  )8,  then 

Distance  of  fault  from  A  =  )8, 

as  in  the  ordinary  loop  test. 

262.  In  order  to  make  this  test  satisfactorily,  it  is  necessary 
to  know  what  are  the  insulation  resistances  of  the  cable  when 
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good  and  also  when  faulty,  at  the  moment  when  equilibrium 
18  obtained.  Now,  as  will  be  shown  in  Chapter  XV.,  the 
inaulatioQ  resistance  (P)  of  a  sound  cable  alters  in  proportion 
to  the  time  a  current  is  kept  on  it;  but  tho  rate  at  which  this 
alteration  takes  place  is  definite,  and  can  be  obtained  by  refer- 
ence to  previous  tests  of  the  cable  made  when  tho  latter  was 
sound.  The  insulation  resistance  (I)  of  the  cable  when  faulty 
cannot,  however,  be  determined  by  any  reference  to  previous 
tests;  some  plan  of  enabling  it  to  be  measured  accurately  is 
therefore  necessary. 

A  method  suggested  by  Mr.  S.  A,  Phillips  enables  this  to  be 
done  in  a  very  satisfactory  manner.  The  whole  of  the  testing 
apparatus  is  carefully  insulated  by  being  placed  on  a  sheet  of 
ebonite,  or  on  insulated  supports  ;  the  experimenter  also  stands 
on  an  insulated  stand  or  a  sheet  of  ebonite.  The  battery  for 
making  the  loop  test,  instead  of  being  connected  directly  on  to 
the  terminal  of  the  resistance  coils,  is  connected  thereto  through 
the  medium  of  a  second  galvanometer.  By  noting  the  deflection 
on  the  latter  at  the  moment  equilibrium  is  obtained  on  the  firat 
galvanometer,  and  comparing  it  afterwards  with  the  deflection 
obtained  through  a  known  resistance,  we  obtain  the  value  of  I 
plus  the  combined  resistance  of  the  resistances  in  the  bridge, 
which  quantity  will,  however,  be  insignificant  compared  with 
I,  and  need  not  be  taken  into  account. 

A  note  should  be  made  of  the  time  at  which  the  battery  is 
connected  to  the  instruments,  and  then,  when  the  plugs  are 
adjusted,  equilibrium  obtained,  and  the  deflection  on  the  second 
galvanometer  observed,  the  time  must  again  be  noted,  so  that 
the  period  during  which  the  battery  current  has  acted  may  be 
known  and  the  value  of  P  correctly  obtained. 

The  method  of  determining  the  value  of  P  will  be  con- 
sidered hereafter. 

Imdividual  Resistance  of  Two  "Wires  by  the  Loop  Test. 

2G3.  Mr.  S.  A.  Phillips  has  ]>ointed  out  that  the  loop  test  may 
be  made  very  useful  for  determining  the  individual  resistance 
of  two  wires,  the  leads  in  a  cable  factory,  for  instance,  whose 
ends  cannot  be  got  at  to  connect  to  the  testing  apparatus. 

To  do  this,  the  further  ends  of  the  leads  would  be  joined 
together,  and  the  junction  put  to  earl.h.  It  is  evident,  then, 
that  the  loop  test  applied  to  the  wires  would  give  the  resistance 
of  either  of  them  to  their  junction. 
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CHAPTEK  X. 

KEYS,   SWITCHES,   CONDENSERS,  AND  BATTEB1E8. 
Short  Cihcuit  Keys. 

2S4.  Althougli  the  Bhort-circnit  plug-hole  is  oom-enient  to  avoitt 
accidental  currents  being  Bent  througfj  the  galvanometer  when 
the  various  resistance  coils,  batteries,  &c.,  are  being  joined  up 
for  making  a  measurement,  yet  a  key  which  in  its  normal  con- 
dition short  circuifB  the  galvanometer,  is  extremely  convenient 


I 


eful. 


Such  a  key  ia  represented  by  Fig.  66.     In  its  normal  condi- 
tion the  spring  resls  against  a  platinum  contact,  and,  when.^ 
pressed  down,  against  an  ebonite  one. 


The  two  terminals  of  the  ahunt  are  connected  to  the  ter- 
minal of  the  key,  which  in  this  and  most  keys  are  double,  bo 
as  to  enable  the  wii-es  leading  to  the  resistance  coilE,  batteries, 
Ac,  to  be  conveniently  ciinnected  to  them. 

If  it  is  required  to  keep  the  key  pressed  down  for  a  length- 
ened period,  a  small  piece  of  sheet  ebonite  or  gutta-percha  can 
be  slipped  in  between  the  contacta,  so  as  to  prevent  their 
making  connection  when  the  finger  is  taken  off  the  key,  Some 
keys  of  this  kind  are  provided  with  a  catch  (Fig.  67),  which 
keeps  the  spring  down  when  it  ia  depressed.  _ 

The  advantage  of  the  short-circuit  key  over  the  short-circni, 
plug  may  not  seem  obvious,  but  actual  practice  will  soon  aiu» 
3ta  value. 


keys,  switches,  condensers,  and  batteries.     235 

Bkversiso  Keyb, 

265,  Besides  the  Bhort-cirouit  key,  a  Bevernng  Key  is  uaually 
ineorted  in  the  galvanometer  circuit,  bo  that  the  de'flectioDB  of 
the  needle  may  alwaye  be  obtained  on  the  same  side  of  the 
ecale.     A  form  of  reverBing  key  very  commonly  uaed  ia  shown 


in  elevation  and  plan  by  Figs,  G8  ancE  69,  and  in  ceneral  view 
by  Fig.  70. 

The  galvanometer  termiuala  would  be  connected  to  the  two 
end  terminals  of  the  reversing  key,  or,  if  the  Bhort-circuit  key 
iB  inserted,  to  the  terminals  of 
the  latter.     By  preBsing  down  ^^°-  '^'^■ 

one  or  other  of  the  springs,  the 
current  will  pass  through  the 
galvanometer  in  one  diri^ction 
or  the  other.  The  two  handles 
on  either  side  of  the  two  springs 
are  for  the  purpose  of  clamping 
either  of  them  down  when  re- 
quired. 

Particular  care  should  be 
taken,  when  prociiriug  the  key, 
to  see  that  the  terminals,  &c.,  aro  not  fixed  on  the  top  of  the 
ebonite  pillars  by  means  of  bolts  running  right  through  them, 
as  in  such  a  case  the  advantage  of  the  pillars  is  entirely  lost, 
and  the  terminals  might  just  as  well  be  screwed  direct  iuto  the 
base  board. 

Care  should  also  be  taken  that  the  contacts  of  the  keys  are 
clean,  as  when  there  are  several  contacts  considerable  resiat- 
utofl  might  be  introdnoed  into  the  circuit  from  their  being  dirty. 
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Ketersinq  Switches. 
66.  In  addition  to  the  reversing  koj  for  the  galvanometer,  J 
BeBerging  Smitch  for  the  testing  battery  is  very  useful :  it  needB 
not,  however,  be  such  an  elalKtrate  one  as  that  used  for  th^f 
galvanometer. 

Figs.  71  and  72  represent  such  a  switch.  It  consists  of  fooz  J 
brass  segments  screwed  firmly  down  to  an  ebonite  baue.  £a£^ 
Begmont  is  provided  with  a  screw,  to  which  to  attach  the  teetii^ 


FiQ.  71. 


Fin.  72. 


I 


In  some  casea  each  segment  is  supported  on  an  ebonite 
pillar,  which  improves  its  insulation  very  much,  and,  indeed, 
would  be  absolutely  necessary  for  some  tests  wo  shall  describe. 

The  polos  of  the  battery  would  be  attached  to  two  opposite 
terminal  screws,  say  A  and  A',  and  the  loading  wires  to  the 
two  other  screws,  B  and  E'. 

To  mate  the  current  flow  iu  one  direction,  we  should  place 
the  plugs  between  the  segments  A  and  B,  and  A'  and  B',  and 
to  make  it  flow  in  the  other  direction,  between  the  Begmonta  A 
and  B',  and  A'  and  B.  If  one  or  both  the  plugs  are  removed 
the  battery  current  will  be  cut  off  altogether.  It  is  always 
best,  in  order  to  do  this,  to  remove  both  the  plugs  in  preferenca, 
to  one  only,  for  if  the  battery  is  not  well  insulated  a  portion  of'; 
the  current  may  still  be  able  to  flow  out  of  the  battery  anAj 
disturb  the  accuracy  of  a  test. 

Two  other  pieces  of  apparatus  are  neoeasary  to  form  a  very. 
complete  set,  viz.  a  "  Condenser"  and  a  "Discharge  key." 

CoNIiENSiaiS. 

267.  A  Condemer  is  merely  a  Leyden  jar  exposing  a  large 
surface  within  a  small  space;  those  constructed  tor  testing 
purposes  are  made  of  sheets  of  tin-foil  placed  iu  layers  bctwee 
thin  sheets  of  mita  coated  with  shellac.  The  alternate  layt 
of  tin-foil  are  connected  together,  so  tbat  sets  are  formed  con 
apoadiag  to  the  outside  and  inside  coatings  of  the  Leyden  ju 


I 
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A  very  conveaient  form  of  condenser,  manufactured  by  MeeBrs. 
"Warden,  is  shown  in  plan  and  elevation  by  Figs,  73  and  74. 

The  layers  of  tin-foil  and  mica,  are  placed  in  a  ronnd  brass 
box  with  an  ebonite  top,  on  which  are  fixed  the  connecting 
terminals.     These  terminals  are  placed  on  brass  blocks,  the  ends 


of  which  are  in  close  proximity  to  one  another,  so  that  a  ping 
can  be  inserted  between  them  for  the  purpose  of  enabling  the 
apparatus  to  be  short  circuited.  This  should  always  be  done 
when  the  condenser  is  not  in  use,  so  that  an^  residual  charge 
,   which  may  remain  in  it  after  use  may  be  entirely  dissipated. 

Fm.  75. 


The  "  electrostatic  capacity  "  of  these  condensers  is  usually  ^ 
microfarad,  the  "  farad  "  being  the  unit  of  electrostatic  capacity. 
""    y  are  aJBO  made,  however,  so  that  several  capacities  can  be 
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obtained,  by  inserting  plttgs  in  different  holes.      Tiiose  iiaving 
five  different  capacities  (Fig.  75),  viz.  -05,  '05,  'S,  '2,  and 
microfarads,  enable  any  value  from  -05  to  1  to  be  obtained  by 
inaerting  one  or  more  plugs.     It  is  very  often  extremely  useful 
to  be  able  to  vary  the  capacity,  so  that  it  is  better  to  have 
last  form  rather  than  the  first,  although  it  may  be  a  little 

A  good  condenser  should  not  lose,  through  leakage,  more  than 
1  per  cent,  of  its  charge  in  one  minute. 

208.  Condensers,  like  batteries,  can  be  combined  for  "  quan- 
tity "  or  in  "  series,"  and  advantage  may  often  be  taken  of  this 
power  of  combination  to  obtain  a  large  number  of  capacities 
from  a  small  number  of  condensers. 

When  condensers  are  connected  together  for  "  quantity  "  the 
captHjity  of  the  combination  ■will  be  equal  to  the  sum  of  the 
respective  capacities  of  the  several  condensers.  Thus,  if  we 
call  F,,  F^,  F,,  &o.,  these  capacities,  then  the  capacity  of  thai! 
combination  will  be 


F,  +  Fj  +  Fj  +  .  .  .  . 

This  may  be  expressed  symholically  thus  :— 


ham 


When  the  combination  is  made  in  "  aeries  "  (corresponding  to 
the  "  cascade  "  arrangement  of  Leyden  jars)  the  joint  capacity 
of  the  series  follows  the  law  of  the  joint  resistance  of  parallel- 
circuits,*  thus 

1 


This  may  be  symbolically  expressed  thus  :- 


By  following  out  these  laws,  if  we  had  two  condensers,  F,  i 
F^,  we  could  obtain  four  difl'erent  capacities,  viz.  F,,  F^,  ] 

,     F,F, 
and  „    ,    .,.   ■ 
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With   three  condenBers   we  oould  obtain  fourteen  different 
capacities,    viz.    F„    P„    ¥„   F,    +    F^,    Fi   +    F„   P^    +  F„ 

'  ^  ^  ^     "  F.  +  F/  F,  +  F3'  F,  +  F,  •      '  ^Fj  +  Fj' 


F,  ^  F,       F, 

Any  of  these  oombinationa  may  be  espresBed  syinbolically 
in  the  manner  before  shown ;  thus,  for  example,  to  take  the 

Fj  F, 
Fi  +  = -=  combination,  this  would  be  shown  thus : — 


Discharge  Keys. 
2G9.  To  enable  the  discharge  from  the  condenser  to  be  read  on 
a  galvanometer  a  discharge  key  is  necessary.     This,  like  the 
other  pieces  of  apparatus,  is  made  in  a  variety  of  forms. 

Webb's  Diecharge  Key. 
270.  Fig.  76  shows  a  pattern  (designed  by  Mr.  F.  C.  Webb), 
which  is  in  very  general  use, 

Fm.  7G. 

^^^t  consists,  piimarily,  of  a  hinged  lever  of  solid  make,  pressed' up- 
wards by  a  spring  and  playing  between  two  contaots.  A  vertical 
ebonitu  lever,  hinged  at  its  lower  end,  is  fixed  to  the  base  of  the 

^inetmment  in  the  position  shown.     This  lever  has  near  its  appe 
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end  a  projecting  brass  tongue,  which,  when  the  lever  is  pressed 
forward  (by  means  of  a  spring),  hitches  over  the  extremity  of 
the  brass  lever.  The  end  of  the  latter  is  cut  away  so  as  to  form 
two  steps ;  when  the  brass  tongue  on  the  vertical  ebonite  lever 
is  hitched  over  the  lower  step  then  the  brass  lever  stands  inter- 
mediate between  the  top  and  bottom  contacts,  and  is  insulated 
from  both  of  them,  but  when  the  tongue  is  hitched  over  the  top 
step  then  the  brass  lever  is  in  connection  with  the  lower  contact. 
Again,  when  the  ebonite  lever  is  drawn  back  the  brass  lever  is 
freed  and  springs  up  against  the  top  contact  stop.  If  we  suppose 
the  brass  lever  to  be  hitched  down  on  the  lower  contact  stop, 
then  by  pulling  back  the  ebonite  lever  a  little  the  brass  tongue 
unhitches  from  the  top  step  and  hitches  on  the  lower  one,  thus 
allowing  the  brass  lever  to  spring  up  from  the  bottom  contact 
but  not  to  come  in  connection  with  the  upper  one ;  if,  however  (as 
before  explained),  the  ebonite  lever  be  pulled  completely  back 
then  the  brass  lever  rises  in  connection  with  the  top  contact. 

271.  When  using  this  discharge  key  for  the  purpose  of 
measuring  the  charge  in  a  condenser,  the  connections  to  the 
galvanometer,  &c.,  would  be  made  as  shown  by  Fig.  77.     On 


Fig.  77. 


pressing  down  the  key  K2  the  two  poles  of  the  battery  are  put 
in  connection  with  the  two  terminals  A  and  B  of  the  condenser 
O,  and  on  releasing  the  key  so  that  it  comes  in  contact  with  the 
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■top  contact,  the  two  terminals  of  the  condenser  are  put  in  con- 
nection with  the  two  terminale  ol'  the  {galvanometer,  which  thus 
receives  the  discharge  current  througli  it. 

If  we  HO  arrange  the  connectione  that  the  top  contact  of  the 
key,  instead  of  being  joined  to  the  condenser  through  the 
galvanometer,  is  connected  directly  to  it,  and  the  galvanometer 
is  placed  between  the  back  terminal  of  the  key  and  the  second 
terminal  of  the  condenser ;  then  on  pressing  down  the  discharge 
key  we  get  the  current  charging  the  condenser  through  the 
galvanometer,  which  has  its  needle  deflected  to  one  side  of  the 
zero  point ;  and  then,  on  releasing  the  key,  we  get  the  discharge 
deflection,  which  will  be  of  the  same  strength  as  the  charge 
deflection,  but  in  tlie  opposite  direction  to  it.  The  first  arrange- 
ment, given  by  the  figure,  is,  however,  the  one  generally 
employed, 

The  dischnrge  deflection  on  the  galvanometer  is  only 
momentary,  the  needle  or  spot  of  light  immediately  returning 
towards  zero. 

272,  Id  using  the  Thomson  galvanometer  (which  is  practically 
the  only  iostrument  of  any  use  for  the  purpose)  for  measuring 
the  discharge,  the  adjusting  magnet  must  be  put  high  up,  if  it 
ia  placed  with  its  poles  assisting  the  earth's  magneti^im,  or  low 
down  if  it  opposes  it,  so  as  to  naake  the  needle  swing  slowly 
enough  to  enable  the  deflection  to  be  read  on  the  scale.  It  is 
best  to  avoid  making  the  needle  swing  very  slowly,  for  then 
the  spot  of  light  will  probably  not  refum  accurately  to  zero, 
but  may  be  three  or  four  degrees  ont  A  little  practice  will 
enable  a  comparatively  quick  swing  to  be  read  to  Imlf  a  degree, 

Eempe's  I)Uchar<je  Key. 

273.  A  form  of  discharge  key  designed  by  the  author  is  shown 
in  plan  and  elevation  by  Figs.  78  and  79,  aud  in  general  view 
by  Fig.  80. 

It  consists,  like  Fig.  76,  of  a  solid  lever,  hinged  at  one  end, 
and  playing  between  two  contacts  attached  to  two  terminals. 
Two  finger  triggers,  near  the  other  end  of  the  lever,  marked 
"  Discharge "  and  "  Insulate,"  are  connected  to  two  ebonite 
hooks.  Tho  height  of  the  hook  attached  to  the  finger  trigger 
marked  "  Discharge  "  is  a  little  higlior  than  tho  other  hook,  m) 
that  the  lever  stands  intermediate  between  the  two  contacts 
when  it  is  hitched  against  it.  When  the  lever  ia  pressed  down 
against  the  bottom  contact,  the  shorter  of  the  hooks  hitches  it 
down.  If  in  this  position  we  depress  the  '"  Insulate  "  trigger, 
the  lever  is  freed  from,  its  hook,  and  springs  up  against  tho 
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aeoond  hook,  thus  insulating  tlie  lever  from  either  of  1 
contftctB.  The  "  Discliarge  "  trigger  now  being  presBed  dow 
the  IcTor  springa  up  against  the  top  contact. 


To  the  hook  of  the  "  Discharge "  trigger  there  is  a  j 
piece  of  metal  fixed  which  ib  hroad  enough  to  come  in 
of  the  Becond  hook,  bo  that  if  the  "  Discharge  "  trigger  i: 
prcBsed  first  it  drawa  back  both  the  hooka,  and  thereby,  i 


level  at  staitiug  be  hitched  to  the  bottom  contact,  allows  the 
lever  at  once  to  spring  up  to  the  top  contact.  If,  however,  the 
"  Insulate  "  trigger  be  depressed,  only  the  hook  attached  to 
that  trigger  ie  drawn  back,  allowing  the  lever  to  spring  u] 
against  t£e  second  hook  and  be  thereby  insulated,  as  at 
explained. 

Lambert's  Discharge  Key. 

274.  The  arrangement  of  discharge  key  designed  by  Mr. 
iflzabert  and  shown  by  Fig.  81,  is  a  very  good  one,  and 
posscEses  tie  advantage  that  the  principal  terminal  is  highly 
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insulated  when  the  key  ia  ia  its  normal  condition,  a  point 
of  importance  in  some  testa.  The  two  terminals  seen  at 
the  front  part  of  the  key  oorrespond  to  the  top  and  bottom 
B«ontacta  of  the  keys  previonBly  described.     The  ends  of  two 


;  leyera,  provided  with  ebonite  finger-knobs,  e 


t  over 


^^B«ontacta  01 
^^Btoiing  levt 

^^f  these  contacts ;   the  other  ends  of  the  springs  are  fixed  to  a 
brass    cross-piece   provided   with    a  terminal,   the  cross-piece 
being  secured  to  an  ebonite  braoket  fixed  at  the  end  of  a  stout 
ebonite    rod.      By   this  arrangement   the  tenninal   connected 
^^    to  the  spring  levers  is  insulated  by  the  long  ebonite  rod  as 
^^L,  well  as  by  the  ebonite  bracket  by  which  the  rod  is  supported  on 
^^B'the   stand.      In    manipulating    the  key,   the  left-hand    lever, 
^^P  Bay,  is  first  depressed,  thus  putting  the  back  terminal  in  con- 
^    nection  with  the  contact  (cor lespon ding  to  the  bottom  contact 
of  the  other  forms  of  keys)  beneath  it.      This  lever  is   then 
released,  and  the  right-hand  lever  depressed,  thus  putting  the 
back  terminal  in  connection  with  the  contact  (corresponding  to 
the  top  contact  of  the  other  koya)  beneath  it.     The  only  objec- 
tion to  this  form  of  key  is  the  fact  that  it  is  possible  to  press 
both  levers  down  at  once,  thut  connecting  together  the  back 
and  the  two  front  terminals  ;  if  this  is  done  accidentally,  then, 
as  will  be  seen  by  reference  to  Kg.  77,  a  direct  circuit  is  formed 
by  the  battery  through  the  galvanometer,  which  may  result  in 
the  sensibility  of  the  latter  being  altered  through  the  violence 
of  the  deflection.     Such  an  accident  obviously  cannot  possibly 
the  other  forms  of  keys. 


Symer  Jones's  Discharge  Key. 

275.  An  excellent  form  of  discharge  key  has  been  devised 
by  Mr.  J.  Rymer  Jones,  and  is  manufactured  by  the  Silvertown 
Telegraph  Works  Company.  The  key  is  so  constructed  that 
'^■ke  Lambert's  key)  the  principal  terminal  is  left  perfectly  free 


I 
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during  the  period  of  "  ineulation,"  as  shown  in  Fig.  82.  The 
leakage  from  thi§  terminal  is  therefore  confined  to  the  ebonite 
Bnpport  A  B.  The  form  of  this  aupport,  a  vertical  section  of 
which  is  ehown  by  Fig.  83  (page  246),  gives  a  very  considerable. 
length  of  surface  over  which  any  leakage  must  pa^s,  it  being^ 
in  the  present  case  6|  inches  in  a  height  of  only  2J  inches  j. 
while,  since  the  portion  A  screws  into  the  outer  cap  B,  the  formeri 
may  be  removed,  when  important  tests  are  about  to  be  made,. 
and  scoured  with  glass-paper,  so  as  to  secure  the  advantage 
fresh  surface  without  disfiguring  the  outer  polished  surface. 

The  movements  for  "  Charge,"  "  Insulate,"  and  "  Discharge," 
will  be  readily  understood  from  Fig,  82.  1 1  arc  ebonite  rods 
their  brass  prolongations  c  c',  which  move  with  them  as  one 
piece,  have  the  under  surfaces,  where  they  rub  against  the 
platinum  contacts  b  and  g,  tipped  with  platinum. 

When  I  is  deflected  to  the  left,  the  end  of  the  rod  r,  attached 
to  it,  presses  against  V — ehould  the  latter  happen  to  be  turned 
to  that  side — and  carries  it  over  in  the  same  direction,  first 
breaking  contract  at  c' g,  if  previously  made,  and  afterwards 
making  contact  at  6  e.  Thus  the  "  Battery  "  and  "  Cable  "  ter- 
minals are  connected  together.  To  "Insulate"  the  cable  terminal' 
it  is  only  necessary  to  move  2  back  again  towards  the  light,  as  ii^ 
Fig.  82.  To  "  Discharge,"  proas  I'  towards  the  right.  Should^ 
inot  already  be  over  to  the  right  {as  iu  the  laat  position  fa" 
"Insulate")  it  will  be  carried  over  with  V  and  the  contact  at  6 1 
broken  before  c'  and  g  come  together.  The  rod  r  in  fact  prevent 
the  galvanometer  and  battery  terminals  from  both  being  put  td 
the  cable  terminal  at  the  same  time. 

276.  Although  not  perhaps  absolutely  necessary,  it  is  advisable 
to  have  a  second  set  of  resistance  coils  (which  need  not,  how- 
ever, be  of  the  bridge  form)  to  act  as  an  adjustable  shunt  for 
the  galvanometer. 

277.  A  simple  form  of  galvanometer  to  enable  the  resiafanoo:' 
of  the  Thomson  to  be  quickly  taken,  is  also  useful.  This,  how- ' 
ever,  can  be  dispensed  with,  as  Mr.  ti.  A.  Fhillips  has  pointed^ 
out  that  the  resistance  of  the  galvanometer  can  be  deteimiue^l 
by  the  very  simple  device  of  meiisuring  the  resistance  of 
of  the  shunts  (the  ^th  preferably).  To  do  this,  the  sbi 
vrill  have  to  be  removed  from  the  galvanometer  and  connei 
up  to  the  bridge  as  an  ordinary  resistance,  the  galvanometetj 
itself  being  used  in  the  ordinary  manner. 

Mr.  Phillips  suggests  that  the  shunts  should  he  enclosed 
the  glass  shade,  so  that  they  may  have  the  same  temperature 
the  g^alvanonieter  coils. 
A8  it  IB  j>referable  to  uee  a  est  of  resiBtance  coils  as  a  shuntf? 
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ringle  rceisfanne  coil  of  the  Bame  wire  and  resistance  as  the  gal- 

sr  coils,  might  bo  periiiauootly  fixed  to  the  galvano- 

iet«r  ataud   under    ihe   glass    shade;    the   reBistatice  of  this, 

Mured  by  tho  ht-lj;  of  the  galvanometer,  would  at  onoe  give 

e  rersistaaoe  of  tho  Utter.     If  such  a  device  were  adopted,  care 

Fig.  S2. 


1^ 
27! 
0, 


would  havo  to  bo  taiten  that  tho  coil  is  wouuJ  double  o 

bobhin,  for  othorwiBo  it  would  affect  tho  galvanometer  needle 
when  traversed  by  a  current. 

278.  The  form  of  bridge  ooils  most  generally  employed  with 
1  Thomson  galvanometer  is  that  shown  by  Figs,  4  and  5 
ige  19},  the  keys  attached  to  the  other  form  not  being  used. 


Battehies. 


379.  Besides  the  foregoing  instrumentfi,  a  battery  of  at  least 

cellB  is  necessary.     The  form  known  aB  the  Minotto  ia  a 

ivenient  one,  and  is  frequently  used  for  testing.     It  consists  o 
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ftn  earthenware  (or  more  frequently  of  a  gutta-percha)  jar,  abont 
8  inches  high,  at  the  bottom  of  which  is  placed  a  round  plate  of 
copper,  resting  flat.  A  atrip  of  copper  about  three-quarters  of 
an  inch  wide,  coated  with  gutta-percha,  is  fixed  to  this  plate, 
and  brought  up  the  side  of  the  jar. 
Over  this  platfl  a  layer  of  coarsely 
powdered  sulphate  of  copper  is 
placed ;  the  jar  is  then  filleii  nearly 
to  the  top  with  damp  aawduat, 
and  resting  on  this  is  placed  a  thick 
disc  of  zinc,  provided  with  a  t«r- 
niinal  at  the  top.  A  BericB  of  these 
colls  is  coupled  up  in  the  ordinEiry 
manner. 

The  Leclanch6  battery  is  used  at 
some  cable  factories ;  it  has  the  ad- 
van.tage  of  high  electromotive  force, 
but  is  not  ao  constant  as  the  Daniell, 
though  if  care  is  taken  that  it  doea 
not  become  accidentally  short  cir- 
cuited through  a  low  resistance  it 
anawera  very  satisfactorily,  and  re- 
qnirea  but  little  attention.  The 
Chloride  of  silver  battery  of  Mr. 
Warren  do  la  Hue  (page  121)  is  also 
now  used  to  some  extent  for  testing, 
especially  on  board  ship,  as  it  has 
the  advantage  of  great  coatpactnesB 
and  portability. 

The  batteries  should  be  placed  on 
well- insulated  supports,    in   a  dry 
situation,  so  as  to  avoid  leakage,  which   interferes  with  the 
conatancy  of  the  current. 

280.  Besides  the  large  battery,  a  single  cell  placed  in  a  small 
box,  with  appropriate  terminals  outside,  is  required,  whose  use; 
will  he  explained, 


1 
I 
I 
I 


6{  iruAcK 


281.  Let  E  (Fig.  84)  he  a  battery  of  which  A  and  B  are  the 
polee ;  then  the  free  eleetricitiae  at  those  poles,  supposing  the 
latter  to  be  free,  will  have  equal  but  opposite  potentials,  and 
the  difference  of  these  potentials   is    the   electromotive  force 


t  the  battery.     Thus,  if  V  be  the  potential  at  A,  then  -  V 
'"1  be  the  potential  at  B,  and  the  electromotive  force  E  of  the 
f  wiilbe 

E  =  V-{-V)  =  2V. 

Although  the  expression  "  potentials  of  the  free  electricities  " 
ie,  strictly  speaking,  more  correct  than  "  potentials  "  simply,  yet 
tito  latter  is  generally  used  as  an  abbreviation  of  the  former, 
and  we  shall  so  use  it  nnless  the  contrary  ia  indicated. 

The  potentials  diminish  regularly  from  one  pole  of  the  battery 
to  the  other,  the  potential  at  the  middle  of  the  battery  being 
aero. 

232.  If  the  two  poles  be  connected  by  a  resistance  ACB,  the 
potentials  will  diminish  regularly  along  ACB  also,  as  shown 
in  the  figure,  the  potential  at  the  middle  being  zero  as  in  the 
B  of  tiifl  battery.    Bat  the  potentials  at  A  and  B  irill  not 
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fee  the  same  as  ttey  were  previauB  to  the  joining  of  the  poles  by  J 
ACB. 

Now,  if  the  two  termiuals  of  a  condenser  be  connected  b 
any  two  pointa  in  the  circuit,  the  electromotive  force  of  tha  I 
charge  whiuh  the  condenser  will  take  will  be  directly  propor- ■ 
tional  to  the  difference  of  the  poteatiuls,  that  ia  the  electro- J 
motive  force,  at  those  two  points.  Thus  if  the  condenser  were! 
connected  to  A  and  S  the  cliarge  it  would  take  would  have  art  I 
electromotive  Ibrce,  E,  of 

E  =  V  -  ( -  V)  =  2  V. 

If  the  points  to  which  the  condenser  was  connected  were  A  fl 
«nd  C,  the  electromotive  force,  Ej,  of  tlie  charge  would  be 


^      ,  if  the  condenser  were   connected  to   C  and  ^ 
I  sleotromotive  force,  "Es,  of  the  charge  would  be 

It  is  easy  to  see  that 

V-d:  V-t-o::a:6. 

If,  therefore,  we  connect  two  eondensera  between  the  potnla  1 
A  and  G  and  the  points  B  and  0  TeH]>ectivcly,  and  adjust  th&fl 
reBistancea  a  and  b,  we  could  charge  the  coudensois  to  auy.l 
relative  electromotive  forces  wa  please,  1 

284.  Although,  strictly  speaking,  the  diminution  or  fall  of 
potential  along  the  resistance  A  C  B  ia  represented  by  the  line 
D  F  H  (see  small  figure),  the  zero  point  being  at  F,  yet  we  may 
generally  with  perfect  oorreotneaa  asaume  the  zero  to  be  at  B 
and  the  fall  of  potential  to  be  represeated  by  the  line  D'  B, 
and  similarly  with  the  fall  from  one  pole  of  the  battery  to  the 
other.  In  most  casea  it  is  convenient  to  consider  the  fall  as 
taking  place  in  this  way,  as  we  avoid  having  to  consider  the 
potentials  aa  partly  -j-  and  partly  —  quantities,  which  is  liable 
to  cause  confuaion  in  making  oa.lculation8. 

285.  We  stated  that  if  the  poles  of  the  battery  were  joined 
by  a  resistance,  the  potentials  at  those  poles  will  be  altered 
in  value ;  they  will,  in  fact,  bo  reduced  in  proportion  aa 
the  reaiatance  ia  small  or  large.  Now,  when  a  current  Sows 
through  the  galvanometer,  it  does  so  in  virtue  of  a  difference  of 
potential  at  its  two  terminals,  and  the  strength  of  this  current 

I  is  directly  proportional  to  the  value  of  this  difference ;  cuu- 
'rereely,  therefore,  if  we  note  the  difference  in  the  strengths  of 
~        aita  paBsing  through  a  galvanometer  -wo  shall  know  the 
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relative  valuea  of  the  differences  of  potential  at  ita  terminala. 
It  may  at  first  sight,  therefore,  appear  sufficient,  in  order  to 
measure  the  relative  value  of  the  differences,  simply  to  connect 
the  terminals  of  a  galvanometer  to  the  points  at  which  the 
differences  are  to  be  noted,  and  then  to  ol^rve  the  de&ectiong 
obtained.  But  by  connecting  up  a  galvanometer  in  this  way 
w^e  should  reduce  the  resistance  of  the  portion  of  the  circuit 
between  its  terminals,  and  the  potentials  at  the  poles  of  the 
battery  would  decrease,  and  therefore  the  potentials  at  the 
points  whore  the  galvanometer  is  connected  would  decrease 
also ;  the  current  then  which  would  produce  a  deflection  of 
the  galvanometer  needle,  would  be  that  due  to  the  diminished 
potentials.  If,  however,  the  resietance  of  the  galvanometer  be 
very  high  compared  with  the  resistances  with  which  it  is  con- 
nected, then  its  introduction  will  produce  no  diminution  in  the 
potentials,  and  conseiiueutly  its  deflection,  that  is  to  say,  tbo 
cuiTent  pasoiug  through  it,  will  be  a  true  index  of  the  vjlue  of 
the  difference.  If,  therefore,  we  wish  to  theoretically  consider 
what  are  the  relative  differences  of  potentials  at  any  points  in 
any  particular  arrangements  of  batteries  and  resistances,  we 
have  simply  to  suppose  these  points  to  be  connected  by  a  galva- 
nometer wliose  resistance  is  infinite  oompared  with  the  otber 
resistances,  and  then  to  determine  the  relutive  values  of  the 
currents  which  will  flow  through  it  in  the  several  cases. 

286.  From  what  has  been  said  we  cau  see  that  praotloally,  if 
we  connect  a  galvanometer  to  any  two  points  at  which  a 
difference  of  potential  exists,  then  the  deflection  obtained  will 
aocurately  represent  that  difference  of  potential,  provided  the 
galvanometer  has  a  total  resistance  in  ita  current  very  much 
greater  than  the  resistance  between  the  two  points  in  guentiou. 

287.  Tlie  quantity  of  electrioity  in  a  condenser  depends 
directly  upon  the  electromotive  force  of  the  charge,  and  the 
defleclion  obtained  upon  a  galvanometer  depends  directly  upon 
the  quantity  discharged  through  it ;  the  discharge  deflection  ob- 
tained from  a  condenser,  therefore  (§  271,  page  240),  otber  things 
being  constant,  will  represent  the  electromotive  force  of  the 
charge  in  it.  It  may  be  mentioned  that  this  is  only  true  if  the  dis- 
charge takes  place  through  a  comparatively  low  resistance,  such 
as  would  be  met  with  in  an  ordinary  galvanometer,  for  then  the 
whole  discharge  practically  takes  place  instantaneously  ;  if,  bow- 
ever,  the  discharge  is  effected  through  a  very  high  resistance, 
such  as  a  megohm  (1,000,000  ohme)  or  more,  then  the  discharge 
is  gradual,  and  the  deflection  which  would  be  obtained  on  the 
galvanometer  would  not  be  an  accurate  index  of  the  electro- 

" " "      '  "  ^^e  charge  in  the  condenser. 


r 
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Measdkement  of  Electromotive  Force  by  LaV 
288.  The  electromotive  forca  of  a  battery  ie  the  ilifference 
tlie  potentials  at  its  poles,  whca  those  poles  are  free  (^  281) 
sttccessively  charging  a  condenser,  therefore,  from  two  or  naore 
batteries,  and  noting  the  discharges  on  a  galvanometer  hy  the 
method  described  in  {§  271,  page  240),  we  can  very  simply  and 
quickly  determine  their  comparative  electromotive  forces. 

Discharge  defleotiona  on  a  g&lvanometer  whoae  defiectiona  aro-. 
tmly  proportional  to  constant  currents,  unleBS  they  are  nearlyi 
eqnal,  are  not  always  proportional  to  the  currents  which  produca' 
them.  It  is  tberofore  very  desirable,  in  measurements  such  as 
these,  in  order  to  ensure  accoracy,  to  adopt  the  method  we  men- 
tioned on  page  68  (i  61),  viz.  to  obtain  a  uniform  deflection  by 
means  of  a  variable  shunt  to  the  galvanometer.  Thus,  if  we 
obtain  two  similar  discharge  deflections  with  two  electromotiva 
forces  £i  and  Ej,  using  shunts  of  the  respective  resistances  8| 
and  Sii  then,  since  the  deflections  are  the  same,  the  electro-; 
motive  forces  are  in  the  proportion 

E,.B,..-g— .-^— , 

or  as  the  muUiplyiag  power  of  the  shunts,  G-  being  the  resist- 
ance of  the  galvanometer;  for  if  we  multiplied  the  deflections 
we  obtained,  by  these  quantities,  we  should  get  the  theoretical 
deflections  we  should  have  had  if  no  shunts  had  been  used. 


For  example. 

With  an  electromotive  force  E^ 
flection  of  300  divisions  _ 

was  5000  ohms,  using  a  shuat,  S„  of  1000  ohms,  and  with 
second  electromotive  force,  E„  also  a  deflection  of  300  divisioi 
using  a  shunt,  Sj,  of  2500  ohms  ;  then 


1 

byV 


1000 


2500 


thatii 


I 


It  is  not  absolutely  necessary  that  the  same  deflection  be 
reproduced  exactly,  although  calculation  is  saved  by  so  doing ; 
as  long  as  the  deflections  are  nearly  equal  they  approximately 
represent  the  discharges.     It  is  necessary,  of  course,  that  thes»H 

deflections    be   multiplied    by    — 5 —   to   obtain  the   relativj 

a^ngiba  of  the  ounrenta. 
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For  example. 

With  an  electromotive  foroe  Ei  we  obtain  a  discharge  doflec- 
tioD  of  300  diviijionB  on  a  galTanometer  whose  resistance  G  was 
£000  ohms,  uBing  a  shunt,  t^i,  of  1000  ohms,  and  with  a  second 
electromotive  force  E^  a  deflection  of  292  divisions,  using  a 
Khunt.  Sa,  of  2400  ohms ;  then 
_,  ._.  ..6000  +  1000 
^'  ■  ^  ■  ■  -     1000  ^  ^""  '•         2400 

that  is, 

E,  :  Ea  ::  180O  :  900-33, 
or  as 

2  :  1  very  nearly. 

Thia  method  is  very  often  the  best  one  to  employ,  not  only  for 
disoharge,  bat  also  for  constant  detJections,  as  it  k  sometimes 
inconvenient  to  have  to  continually  adjust  until  the  same  de- 
flection exactly  is  reproduced.  In  certain  oases,  indeed,  it  would 
be  impossible  to  do  so,  as  will  be  eoen  hereafter. 

289.  It  may  be  here  mentioned  that,  in  the  case  of  discharge 
deflections,  the  fact  that  the  resistance  between  the  terminals  of 
the  galvanometer  is  varied  by  the  introduction  of  shunts  of 
diSerent  values,  does  not  require  to  be  taken  into  consideration. 

Correction  for  Discharge  Deflections. 

290.  Mr.  Latimer  Clark,  in  a  communication  addressed  to  the 
Society  of  Telegraph  Engineers,*  points  out  an  error  caused  by 
the  use  of  shunta  in  measuring  discharge  deflections. 

It  was  found  that  if  a  certain  discharge  deflection  was  obtained 
with  a  shunt,  then  on  removing  the  latter  the  discharge  deflec- 
tion obtained  was  larger  than  that  given  by  multiplying  tho 

original  deflection  by  — -^^^ 

After  considerable  research,  the  cause  of  the  error  was  traced 
to  the  inductive  action  of  the  galvanometer  needle  on  its  coils. 
The  movement  of  thia  needle  set  up  a  slight  current,  which 
opposed  the  discharge  current,  and  consequently  reduced  its 
enect.  This  effect  being  more  marked  when  the  shunt  was 
used,  made  the  discharge  deflection  without  the  shunt  to  appear 
larger  than  it  should. 

The  formula  for  finding  what  would  be  the  discharge  de- 
flection obtained  on  the  removal  of  the  shunt,  the  disoharge 

•  '  Jonmal  of  the  Society  of  Telogmph  Engineers,'  Vol  ij 
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deflection  without  the  shunt  being  given,  may  be  thus  arrived 
at : — 

First  suppose  the  shunt  to  be  inserted. 

Now,  in  all  problems  in  which  a  current  from  a  condenser  has 
to  be  considered,  we  may  suppose  the  condenser  to  be  a  battery 
with  a  resistance  infinitely  great  compared  with  the  resistances 
external  to  it. 

Let  E  be  the  electromotive  force  of  the  charge,  E  the  resist- 
ance of  the  condenser  circuit,  G  the  resistance  of  the  gal- 
vanometer, S  the  resistance  of  the  shunt. 

Let  the  movement  of  the  needle  generate  an  opposing 
electromotive  force  e ;  then  calling  C,  a,  and  p  the  respective 
current  strengths  in  the  galvanometer,  condenser,  and  shunt 
circuits,  we  get  the  following  equations  : 

a  -  C  -  ^  =  0,  or,  ^  =  a  -  C 
aR+CG-E+e=0 
aK  +  ^S-E  =  0; 


therefore 


therefore 


aR+CG-E+e=0 
aE+(a-C;S-E  =  0; 


aR=E-CG-e 
a(R  +  S)  =  E  +  CS; 

then  by  division 

R_    ^  E  -  CG  -  e 

E  +  S  ""      E  +  CS      ' 

by  multiplication  and  changing  the  signs  we  get 

(R  +  S)(CG  +  e)-RE-SE=  -RE-CRS; 

therefore 

(R  +  S)  (C  G  +  «)  -  S  (E  -  C  R)  =  0. 

Next  suppose  the  shunt  to  be  removed,  and  let  the  strength  of 
the  current  be  Ci,  and  the  new  electromotive  force  generated  by 
the  movement  of  the  needle  be  ej,  then 

Ci  =  ^7^'  J  therefore  E  =  Ci  (R  +  G)  +  e^ . 

K  -f-  Lr 

Substituting  this  value  of  E  in  the  last  equation,  we  get 
^i?  +  S)  (C  G  +  e)  -  S  (Ci  (R  +  G)  +  Ci  -  C  R)  =  0. 
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Now  e  and  «,  will  be  proportional  to  the  deBections  of  the 
needle,  that  is  to  my,  to  the  strengths  of  current  producing 
those  deflections.  They  will  also  be  proportional  to  the  strength 
of  the  magnetism  of  the  needle,  which  we  will  represent 
by  K. 
"Then 


=  kC,. 


Substituting  these  values  we  get 

CE  +  S)C(G  +  K)-S(C,fE+G^ 


-OR)  = 


(,+|)c(G+.)-8(c.(l  +  ^)-c)  =  0. 


Now,  K  is  to  be  infinite  as  compared  t 
by  putting  R  =  oj,  we  find  that 

C(G+«)-S(C, -C 
therefore 

/O  4-  .  - 


ith  S  and  G  ;  therefore 


c(i±--^). 


To  make  this  formula  useful,  we  must  determine  the  value  of  k. 
This  can  easily  be  done  thus  : 

Troyide  two  condensers,  one  having  exactly  twice  the  capacity 
of  the  other.  Charge  tbo  larger  one  with  a  sufficient  battery 
power  to  obtain  a  discharge  deflection  (a,)  of,  say,  200  diTiBions 
on  the  scale,  with  a  shunt  insetted  equal  in  resistance  to  the 
galvanometer, 

Now  remove  the  shunt,  and  having  charged  the  other  con- 
denser from  the  same  battery,  note  the  discharge  deflection  (uj)  i 
let  it  be  204  divisions. 

It  will  be  seen  that  the  deflection  we  should  have  obtained 
with  the  larger  condenser  and  no-ahunt  would  have  been  2  o^, 
and  this  is  the  theoretical  deflection  we  should  obtain  when  a, 
is  multiplied  by  the  multiplying  power  of  the  shunt  corrected 
by  the  constant  k  ;  that  is  to  say, 

o /0  +  .  +  G\. 


'it'} 
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To  continue  the  example 
G  =  5000  ohms ;  then 


c  =  2  X  5000 


we  have  given,  let  us   HUppose 


^200 


For  the  particular  galvaaometer,  then,  we  have  been  con- 
Bidering,  we  say  that  when  measuring  discharge  currents  the 
mnltiplying  power  of  any  shunt  (S)  which  may  be  used  is  h 

Q  +  200 +  S  ■ 

1 

Suppose  we  have  given  tHe  observed  deflection  without  the 
shunt  and  alao  the  obaerved  deflection  with  the  ahunt,  and  we 
require  to  know  what  this  latter  ought  to  be  in  order  to  give 
us  the  true  deflection  eonipa.red  with  the  first.  Let  the  tru 
deflection  be  A  ;  then  by  the  ordinary  formula 

But  when  the  error  exists, 

From  these  two  equations  we  get 
.  /G+S 


True  deflection  =  observed  deflection  ( 1  +  tt 


It  should  be  clearly  understood  that  this  formula  is  to  be 
applied  to  the  correction  of  the  deflection  obtained  with  the 
shunt,  the  deflection  without  the  shunt  being  considered  as  the 
indes  of  the  current  from  the  condenser. 

We  may  remark  that  this  latter  formula  corresponds  with 
that  obtained  by  Mr.  Charles  Hookia,  and  given  by  Mr.  Latimer 
Clark  in  the  paper  referred  to. 

For  practical  use  the  fonaula 


Ci  =  C 


C^^±^) 
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is  the  only  one  we  should  require,  as  by  it  we  can  at  onco 
determine  from  the  deflection  obtained  leithoul  the  bhunt  wbst 
the  deflection  mith  the  shunt  would  be,  or  vice  rersd. 

The  Eelation  between  the  Cdrilest,  tiie  Hesistance,  and  the 

Elegtbomotivk  Force,  between  two  Points  is  a  Circuit. 

291,  Id  Fig.  85  let  E  be  a  battery  of  electromotive  foroe,  E, 

and  resietance,  u,  joined  up  in  circuit  with  a  redatance  r,  and  let 

G  bo  a  galvanometer  having  a  rtseietance  very  much  greater 


than  the  other  reaistauceB,  bo  that  it  does  not  affect  the  flow  of 
the  current  in  the  circuit,  a;  -|-  r.  Now,  the  current,  C,,  flowing 
^through  the  galvanometer  will  be 


'+r, 


0 


'  +  'a-\ 


It  ia  evident  that  this  current  miiBt  be  due  to  the  existence 
of  an  electromotive  force,  or  a  difference  of  potential,  in  some 
portion  of  the  circuit  in  which  the  galvanometer  is  placed ;  and 
It  ifl,  moreover,  evident  that  this  electromotive  force,  or  difference 
of  potential,  must  exi^t  between  the  points  A  and  B,  in  the 
portion  of  the  circuit  external  to  G.  Let  e  be  this  electromotive 
force  {Fig,  86),  then  we  have  (since  G  is  very  much  larger  than 
the  other  reaiatauces) — 


lur  +  iBQ-j-rG' 


256 
that  is, 
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e 
r 


EG 


E 


ar-f-«G-)-  rG 


G^ 


or,  since  G  is  very  great  compared  with  the  other  resistances, 


therefore 


f  -      E 

r  ""  oj  +  r  * 


But  by  Ohm's  law  (§  2,  page  1),  the  current  C,  flowing  out  of 
the  battery — that  is,  flowing  through  r — is 


C  = 


E 


X  -{-r 


therefore 


C  =  -  ,    or,    e  =  C  r  ; 


that  is  to  say, 

(A)  The  difference  of  the  potentials  at  two  points  in  a  resistance  (in 
which  no  electromotive  force  exists)  is  equal  to  the  product  of  the 
current  and  the  resistance  between  the  two  points. 

292.  We  will  next  consider  the  case  where  an  electromotive 
force  exists  in  the  resistance  through  which  the  current  is 
flowing,  the  strength  of  the  latter,  and  the  potentials  at  the  two 
points,  being  partly  due  to  an  external  electromotive  force  (as 
in  the  case  just  considered.) 


Fig.  88. 


Fig.  89. 


In  Fig.  87  let  E  be  a  resistance  between  the  points  A  and  B, 

and  let  E  be  an  electromotive  force  in  K,  also  let  r  be  another 

resistance  completing  the  circuit,  this  resistance  being  either  a 
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single  one  or  a  combination  of  several  other  reaistances.  Again, 
let  ua  suppoae  there  to  be  an  electromotive  fi)rce,  e,  in  some  part 
of  r,  and  let  C  be  the  resultant  current  entering,  aay,  at  E  and 
leaving  at  A. 

Let  ue  first  Buppose,  as  in  Fig.  88,  that  there  is  no  electro- 
motive force  in  the  reaistanoe  (or  combined  resistances)  r,  then 
by  Ohm's  law  we  have 


E 


r,H4 


but  by  the  law  (A)  we  laat  obtained,  we  have 
therefore 


=  CiE  -  E. 


[1] 


6  have  a  current,  c^ 
s  part  of  the  resist- 

[2] 


Next  let  us  suppose,  as  in  Fig.  SO,  that  v 
caused  by  an  electromotive  force,  e,  in  som 
ance  (or  combination  of  resiBtaaces),  r,  then  w 

T.  -  V,'  =  cE. 

Now  if  we  take  the  case  sbovra  in  Fig.  87,  where  the  current 
C  is  produced  by  the  two  elect I'omotive  forces,  then  the  re- 
spective potentials  at  the  points  A  and  B  must  be 

V  =  T,  +  Vj 
and 

V  =  V,'  +  V,'. 

Therefore  we  have 

V  -  V  =  (V,  ■ 


and  by  substituting  the  values  of  V, 
in  ecLuatiuns  [1]  and  [2]  we  get 


VO  +  (T=-V,'), 

V,'  and  V,  —  Vj'  given 


afe  +  e,)- 


bnt  we  can  see 

that 

therefore 

V 

0  =  , 
-V'  = 

OE 
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which  is  similar  to  equation  [1].  In  the  cjase  we  have  taken  we 
have  supposed  the  electromotive  forces  (and  consequently  the 
currents  Ci  and  c^  to  act  in  the  same  direction,  but  we  should 
have  obtained  an  equation  precisely  similar  to  [3]  had  the  electro- 
motive forces  opposed  one  another,  provided,  however,  the  current 
due  to  the  electromotive  force  e  were  less  than  the  current  due 
to  the  electromotive  force  E.  If,  however,  the  current  due  to 
the  electromotive  force  e  were  greater  than  the  current  due  to 
the  electromotive  force  E,  that  is  to  say,  if  the  current  C  acted 
against  E,  then  we  should  have 

V-Y'  =  CE+E.  [4] 

293.  The  result,  then,  that  we  have  arrived  at  by  the  fore- 
going investigation  is,  that — 

(B)  The  difference  of  the  potentials  at  two  points  in  a  resistance  in 
which  an  electromotive  force  exists  is  equal  to  the  product  of  the 
current  and  the  resistance  between  the  two  points,  added  to  the  electro- 
motive  force  in  the  resistance,  this  electromotive  force  being  negative  if 
it  acts  with  the  current,  and  positive  if  it  opposes  it. 

This  law,  we  have  seen,  holds  good  whether  the  current  in 
question  is  due  only  to  the  electromotive  force  in  the  resistance, 
or  to  an  external  electromotive  force  also. 

Measurement  of  Battery  Resistance  by  Kempe's  Method. 

294.  Besides  determining  the  electromotive  force  of  a  battery, 
we  can  also  determine  its  internal  resistance  with  great  facility 
by  means  of  a  condenser.  To  do  this,  first  charge  the  condenser 
by  means  of  the  battery,  and  note  the  discharge  deflection, 
which  we  will  call  a ;  next  insert  a  shunt,  S,  between  the  poles 
of  the  battery  ;  again  charge  and  discharge  the  condenser,  and 
note  the  new  deflection,  which  we  will  call  /3.  Let  e  be  the 
electromotive  force  between  the  poles  of  the  battery  when  the 
shunt  8  is  inserted,  and  let  C  be  the  current  flowing,  then  by 
law  (A)  (page  256),  we  have 

e  =  GS,    or,     C  =  5. 

Also,  if  E  be  the  electromotive  force  of  the  battery,  and  r  its 
resistance,  we  have 

therefore 

e  E 


measuhement  of  potentials. 


flS  +  fir  =ES; 

or 

but  w 

'e  mnat  also  have 

E:e::a:^; 

t 


To   obtain   accuracy  it  is  advdBabie   for   the  value  of  S   to 
such  that  the  deflection  p  ia  approximately  equal  to  -■ 

For  example. 

A  battery  whose  reeiBtance  (r)  was  required  was  joined  up 
with  a  galvanometer,  condenser,  discharge  key,  &c.,  as  shown  by 
Fig.  77,  page  240,  The  condenser  being  charged  and  then 
discharged  through  the  galvanometer  (by  depressing  and  then 
releasing  the  key  Kj),  a  deflection  of  290  divisions  (a)  was  pro- 
duced. A  resiatauco  of  20  ohms  (S)  was  then  joined  between 
the  terminals  of  the  battery,  and  the  condenser  again  charged 
and  discharged  through  the  galvanometer,  the  value  of  the 
deflectiun  obtained  being  105  divisions  (;3).  What  was  the 
resistance  of  the  battery? 


„  290  -  105 


=  35'2  ohms. 


vident  that  if  S  be  adjusted  till  ^  - 


[B] 


An  error  in  the  foregoing  kind  of  test  may  possibly  arise  from 
one  measurement  being  made  with  the  poles  of  the  battery 
free,  when  no  action  goes  on  in  it,  and  the  second  being  made 
with  it  shunted,  which  may  cause  a  falling  off  in  its  electro- 
motive force,  as  action  would  theu  be  taking  place  ;  the  accuraev 
of  the  test  depends  upon  the  electromotive  force  being  constant 
in  both  oases.  If  the  shunt  8  be  connected  to  the  battery  by 
means  of  a  key,  then  the  second  discliargo  deflection  j3  is  best 


•  The  rt 


isoQ  of  thii  will  be  nb'iona  from  n  coiisidetiiHon  of  the  investiga- 


r 
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olitainod  by  first  pressing  down  the  key  Kj  (Fig.  77,  page  240"), 
then  pressing  down  the  key  which  connects  the  shunt  to  the 
Lattery,  and  then  immediately  afterwards  releasing  the  key  K^, 
and  noting  the  deflection.  Thus  as  little  time  as  poesible  is 
allowed  for  polarisation  to  take  place. 

Measdeement  of  BATTERt  Eesestance  by  Muiuhead's  Method,^ 

235.  A  veiy  excellent  modification  of  the  foregoing  method 

has  been  devised  hy  Mr.  A.  Muirhead ;  it  possesses  the  great 

advantage  of  being  free  from  the  source  of  error  just  mentioned. 

In  this  test  (Fig.  90)  the  battery,  jralvanometer,  and  condenser 

are  joined  up  in  circuit  with  a,  key  Kj.     The  condenser  0  being 

fchort  circuited  fur  a  momeut,  so  as  to  dissipate  any  charge 

which  may  have  been  acoidentally  loft  in  it,  key  E^  is  depressed  ; 

this  causes  a  charge  to  rush  into 

Fm.  90.  the  condenser  through  the  gal- 

Hl  /T^  c  vanometer,  producing  the  same 
(  *  1 .^  deflection  as  would  be  produced 
I  V  i  y  ^  if  the  condenser,  when  charged 
from  the  battery  direct,  weredia- 
charjrod    through    the    galvano- 

The  charge  deflection  (a)  being 
noted,  the  key  K^  is  kept  per- 
manently down,  BO  as  to  keep  the 
condenser  charged.  By  means  of 
key  E,  a  shunt  (S)  is  now  con- 
nected between  the  poles  of  the  battery  ;  at  tiie  moment  this 
takes  place  the  potential  at  the  poles  of  the  latter  falls,  and  a 
reverse  deflection  of  the  needle  of  the  galvanometer  in  produced. 
If  we  suppose  this  defleclion  to  be  due  to  an  alteration  of  t" 
jiotentinl  from  a  to  ^  (the  latter  being  the  same  quantity  ■ 
that  given  in  the  previous  teat),  its  value,  C,  will  b 

t=a-l3,     or,     ^  =  a-l. 

If,  then,  we  substitute  this  value  of  fi  in  equation  [A]  of  t 
jirevious  lest,  we  shall  get 

r-S       « 

For  example. 

The  shunt  S  having  a  resistance  of  10  ohms,  the  deflectifl 
froduoed  cii  depressing  key  Kg  was  310  divisiiuui  (a^    ^<t) 
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lield  down,  K,  was  depressed,  when  a  deflection,  of  100  divisions 
(C) — in  the  reverse  direction  to  a — was  obtained.  What  was  the 
resistance  of  the  battery  ? 

|i  ••  =  '°§Io^o  =  '-™<*™- 

As,  ia  the  previous  test,  it  is  advisable  to  give  S  such  a  value 

that  ^  is  approximately  equal  to  -  • 

Ab  no  polarieation  of  any  extent  takes  place  in  the  battery  till 
some  seconds  after  the  shunt  has  been  connected  to  the  former 
by  the  key,  and  as  the  deflection  takes  place  immediately  the 
key  is  depressed,  it  follows  that  very  accurate  results  will  be 
obtained  by  this  test.  It  may  be  remarked,  however,  that  Pro- 
fessor Garnett  has  found  that  polarisation  takes  place  in  a  battery 
in  an  extremely  short  space  of  time — in  even  the  td'btj''^  part  of 
a  second  ;  the  amount  is,  however,  of  course  very  small.  In 
Muirhead's  test  the  time  during  which  polarisation  would  tend 
to  affect  the  accuracy  of  the  test  would  be  that  occupied  by  the 
galvanometer  needle  in  swinging  from  zero  to  the  deflection,  f, 
consequently  the  quicker  the  swing  (consistent  with  accurate 
reading)  the  better. 

Mbasuremest  of  Battery  Eesi3tance  by  Monro's  JIethod. 

296,  A  modification  of  Muirhead's  method  has  been  suggested 
by  Mr.  J.  Munro,  which  simplifiea  calculation,  inasmuch  as  it 
gives  tho  value  of  a  —  J  by  a  single  deflection. 

Key  K,  is  first  depressed,  and  then  immediately  afterwards 
key  K,  is  also  depressed;  this  gives  a  deflection  e,  which  in 
equivalent  to  the  difi"erence  between  the  deflections  a  and  ^  iu 
the  last  teat.  Key  Ki  ia  now  raised,  leaving  key  K^  down ;  and 
as  soon  as  the  galvanometer  needle  becomes  steady,  K,  is 
depressed  again,  and  the  deflection  £  read,  then  we  have 

E=S|. 

Ab  a  slight  interval  of  time  may  elapse  between  the  depres- 
sion of  key  K,  and  key  Kj,  whan  obtaining  the  deflection  9 
(during  which  time  the  battery  would  be  partially  short  cir- 
cuited), it  would  be  preferable  to  make  the  test  in  the  following 
manner: — Make  tho  connections  so  that  the  front  contact  of  key 
^^L  is  joined  on  to  the  lever  of  hoy  K^  instead  of  on  to  th^ 
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front  contact  of  the  latter,  as  in  Fig.  90;  then  in  order  i 
obtain  e,  depress  K^  and  keep  it  down,  and  immediately  aftel 
wards  depress  K^ ;  the  deflection  observed  in  this  case  will  be  4 
Now  raise  key  K[,  keeping  key  Kj  down,  and  when  the  galvanp 
meter  needle  has  become  steady,  depress  K„  then  the  dedectiid 
obtained  will  be  £. 

Measurement  of  PolaTisation  in  Balteries. 
297.  The  amount  of  polarisation  whioh  takes  place  : 
battery  when  short  circuited  may,  if  required,  be  easily  ascer- 
tained in  the  following  manner: — In  Fig.  90  let  S  be  a  short 
piece  of  wire  of  practically  no  resistance,  then  having  short 
circuited  the  condenser  0  for  a  moment,  depress  key  K,,  and 
note  the  deflection  d,.  Keeping  K,  down,  depress  K,,  and  bold 
it  down  for  a  definite  time,  say  one  minute ;  at  the  end  of 
the  interval,  release  K,,  and  note  the  deflection  d^ ;  then  the 
percentage  of  polarisation  in  the  one-minute  interval  will 
obviously  be 

100  (J,  -  rf,)  J 


Measurement  of  the  Bemtaiice  of  Batteries  of  Low  Besklanee. 

298.  In  cases  where  it  is  required  to  measure  the  total  resist- 
anoe  of  a  number  of  cells  of  extremely  low  resistance  (secondary 
batteries,  or  accumulators,  for  example)  by  any  of  the  foregoing 
methods,  the  heating  effect  produced  by  ihe  current  passing 
through  the  shunt  8  when  the  latter  is  connected  to  the  battery 
by  means  of  the  koy  Kj,  would  be  liable  to  heat  and  damage 
the  coils  of  which  the  shunt  is  composed.  In  such  cases  the 
cells  should  be  divided  into  two  sets,  one  set  having,  say,  one 
more  cell  than  the  other ;  the  two  seta  should  then  be  joined 
tugether  so  that  their  electromotive  forces  oppose  one  another. 
By  this  arrangement  we  practically  obtain  a  battery  whose 
electromotive  force  is  equal  to  one  ceU  only,  but  whose  resistance 
is  equal  to  that  of  all  the  cells ;  consequently  the  current 
generated  can  be  but  comparatively  small,  and  would  have  but 
little  beating  eSect.  The  contact  in  key  K^  should  be  made  by 
means  of  a  mercury  cup. 

299.  When  comparing  large  electromotive  forces  with  small 
ones — as,  for  instance,  100  cells  with  1  cell — by  the  condenser 
discharge  method,  the  smaller  force  should  be  taken  fli-st ;  for 

M  large  charge  usually  leci^e&  a,  laaidaain  in  tha 
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which  may  be  greater  than  the  small  force,  and  which  can 
only  be  thoroughly  dissipated  by  leaving  the  condenser  short 
circuited  for  some  time.  If  the  smaller  force  is  measured  first, 
then  any  residuum  it  may  leave  becomes  entirely  swamped  by 
the  larger  force,  and  no  increase  of  charge  is  added  to  the  con- 
denser beyond  what  the  force  itself  possesses. 

300.  Although  the  condenser  practically  becomes  charged 
instantaneously,  it  is  best  to  keep  the  current  on  for  a  definite 
time,  such  as  half  a  minute  or  a  minute.  We  shall  then  be 
certain  that  the  charging  is  complete. 

301.  When  discharge  currents  are  being  measured,  especial 
care  must  be  taken  to  insert  a  shunt  of  small  resistance  in  the 
galvanometer  at  first,  as  momentary  currents  are  very  liable  to 
weaken  the  magnetism  of  the  needles  when  these  currents  are 
strong.  If  this  precaution  is  not  taken,  a  set  of  measurements 
for  one  test  may  be  rendered  useless,  as  a  comparison  of 
measurements  made  before  the  magnets  become  weakened,  with 
measurements  taken  after,  would  be  obviously  impossible,  and 
much  loss  of  time  would  result. 
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CHAPTEE  XII. 

MEASUEEMENT  OP  CTIEEBNT  BTEENGTH. 

302.  If  we  have  a  simple  cironit,  aa  shown  by  Fig.  91,  then' 
if  we  know  the  total  resiataaoe,  K  +  G  -f-  r,  of  the  same,  and 
also  the  electromotive  force,  E,  of  the  battery,  we  can  at  once 
determine   the  strength  of  the  current 
Fifl.  91.  flowing,  for  by  Ohm's  law  we  have  M 


R+G  +r  1 

If  the  resistances  are  in  ohms  and  the 
electromotive  force  of  the  battery  in 
volts,  then  the  reauUing  current  will  be 
in  amperes,  ■ 

For  example.  H 

The  electromotive  force,  E,  of  a  battery  ■ 
which  produced  a  current,  C,  in  a  circuit 
whose  total  rcaistance,  R,.  was  500  ohms, 
8  found  by  comparison  with  a  Daniell  cell  to  be  3-5  times  aa 
strong  as  the  latter;  what  was  the  strength  of  the  current,  O, 
'nthe  circuit? 


E  =  3-5  X  1  -079  =  S-777  volts. 


6U0 
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303.  In  the  foregoing  method  of  measurement,  in  order  to 
determine  the  strength  of  the  current,  it  was  necessary  to  know 
both  the  resistance  of  the  circuit  and  also  the  electromotive 
force  producing  the  cunent.  A  direct  determination  of  the 
latter  can  only  be  made  by  companng  it  with  a  current  of  a 
i-Down  strength  as  follows  i — 
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^^H  DiBECT  Deflection  Metbdu.  ^M 

^^^^  S04.  In.  this  method  a  galvanometer  ia  inserted  in  the  oirouit       ^M 
^"  throngli  which  flows   the    cTirront   whose   strength  is   to   be 
measured.     ITie  reaistanee  of  the  galvanometer  should  be  suffi- 
ciently low  not  to  appreciably  increase  tho  total  resistance  of 
the  circuit  in  which  it  is  inserted.     The  deflection  produced  by 
the  current  being  noted,  the  galvanometer  is  removed  and  joined        ■ 
up  in  circuit  with  a  standard  battery  (page  IIS^  and  a  resist-       fl 
ance ;  the  latter  is  then  adjusted  until  the  deflection  which  was       H 
obtained  in  the  first  instaaco  is  reproduced ;  in  this  case,  then,        ■ 
the  current  flowing  must  be  equal  to  the  current  whose  strength 
18  required.     If  therefore  we  divide  the  electromotive  force  (in 
volts)  of  the  standard  battery,  by  the  total  resistance  (in  ohms) 
in  its  circuit,  we  get  at  once  die  required  strength  of  the  current, 
in  amperes.    The  resistance  of  the  standard  battery  requires  of 
course  lo  be  included  In  the  total  resistance  unless  it  is  so  small 
that  it  can  be  neglected. 

305.  The  degree  of  acouracy  attainable  in  a  test  of  this  kind 
is  directly  proportional  to  one-half  the  degree  of  accuracy  with 
which  the  galvanometer  deflection  can  be  read,  for,  since  two 
measurements  have  to  be  made,  one  with  the  current  whoso 
strength  is  required,  and  the  other  with  the  standard  cell,  there 
may  be  errors  made  in  both  of  these.  If  the  current  to  be 
measured  is  a  strong  one,  so  that  it  is  necessary  to  shunt  the 
galvanometer  when  obtaining  a  deflection,  this  shunt  not  being 
used  when  the  deflection  is  reproduced  with  the  standard  cell, 
then  in  this  case  the  result  obtained  by  dividing  the  electro- 
motive force  of  the  standard  cell  by  the  total  resistance  in 
its  circuit,  must  be  multiplied  by  the  multiplying  power  of  the 
shunt  (§  56,  page  51)  in  order  that  tho  correct  strength  may  be 
obtained. 

For  exompfc. 

In  measuring  the  strength  of  a  current,  tho  deflection  pro- 
duced on  the  galvanometer  shunted  with  the  j^gth  shunt,  was 
50°.  The  galvanometer  ^witbout  the  shunt)  being  connected 
up  with  a  standard  Daniel!  cell  of  10  ohms  resistance,  and  a  sot 
of  reaistanoe  coils,  it  was  found  necessary  to  adjust  the  latter  to 
660  ohms  in  order  to  bring  tha  needle  to  50° ;  what  was  the 
—Strength,  C,  of  the  current  to  be  measured? 

„_     1-079 


"  6G0  -i-  10 


-^  X  10  =  -0189  amperes. 
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30G.  When  a  galvanometer  ia  inserted  in  a  cirunit  through 
■which  a  current  is  flowing  whuse  strength  it  ia  required  to 
meaeure,  it  ia  very  necessary  that  the  resistance  of  the  inatra- 
ment  be  very  low  cumpared  with  the  reaistance  of  the  circuit 
itself,  otherwise  the  intiodiiction  of  the  galvanumeter  will 
reduce  the  current  flowing,  and  the  result  obtained  will  not  be 
the  one  required.  Before  making  the  test  it  would  of  coarse 
be  necessary  to  ascertain  whether  the  galvanometer  available 
for  nse  would  meet  the  desired  conditions. 

To  make  the  teat  ab  accurately  as  possible  it  would  be 
sary  that  the  galvanometer  needle  when  deflected  be  a 
to  the  angle  of  maximum  aeimiivmieag  (page  20)  as  passible.  If 
the  strength  of  cnrrent  neoeKsary  to  give  this  angle  be  found  by 
joining  np  a  standard  cell  and  a  set  of  resistances,  and  varying 
the  latter  until  the  required  deflection  is  obtained,  then  we 
can  always  tell  whether  the  instrument  would  be  suitable  for  a 
particular  purpose.  Thus,  for  example,  suppose  the  galvano- 
meter had  a  resistance  of  1000  ohms,  and  the  angle  of  maxi- 
mum aensitivenesa  were  approximately  equnl  to  60^,  and  sup- 
pose further  that  this  deflection  was  obtained  by  1  Duniell  cell 
through  a  total  resistance  of  8O00  ohms,  that  is,  with  u  current 

of  -^..jTTr  =  ■  000135  amperes;  then  to  measure  such  a  current 

we  must  have  the  whole  resistance  of  the  galvanometer,  viz.,  1000 
ohmn,  in  circuit.  If  the  instrument  were  shunted  with  the  ]V*h 
fihunt,  then  the  reaiatance  would  be  reduced  to  100  ohms,  and  _ 
the  current  corresponding  to  60°  deflection  would  he  '00131 
amperes;  and  again,  if  the  -nrVff^li  shunt  were  employed  tla 
resistance  would  be  reduced  to  1  ohm,  and  the  current  oorrq 
sponding  to  60°  would  be  '135  amperes;  thus  we  see  that  i 
it  w^re  required  to  measure  a.  current  of  about  '0135  ampere 
and  it  was  necessary  that  no  greater  a  TesistanoB  than  1  ohsd 
should  be  inserted  in  the  circuit,  then  it  is  evident  that  thfl 
galvanometer  in  question  would  not  answer  the  purpose  required,"* 
siuue  a  good  defleciion  with  ■  0135  amperes  of  current  would 
not  be  obtained  if  a  lower  shunt  than  i-Juth  were  employed, 
which  latter  shunt  would  reduce  the  galvanometer  resistanoa 
down  to  10  ohms  only. 

It  is  preferable,  when  possible,  to  employ  a  galvanometer  of 
high  reaiatance  sbunted  down,  rather  than  one  of  low  resistance 
not  shunted  down,  since  with  such  a  galvanometer  it  is  easier 
to  measuie  the  "constant"  of  the  instrument  accurately;  forfl 
the  high  resistance  of  the  latter,  together  with  the  high  n 
ance  which  it  would  be  necessary  to  place  in  circuit  in  order  ti 
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get  a  readftlile  deSeotiou  with  one  standard  coll  only,  would 
swamp,  as  it  were,  the  resistauco  of  the  cell,  which  roaistanca 
need  not  then  ha  taten  into  account,  or  at  least  need  only  be 
known  approximately.  With  a  galvanometer  of  low  resiBtance, 
however,  where  a  comparatively  small  resistance  only  wonld 
have  to  be  introduced  into  the  circuit  in  order  to  get  the 
required  deflection,  the  resiBtanoe  of  the  cell  would  be  required 
t^  be  known  accurately,  as  it  would  form  an  important  item 
in  the  total  resistance  of  the  circuit. 

807.  The  foregoing  test  has  the  advantage  that  it  can  be 
made  with  almost  any  form  of  galvanometer,  for  as  only  one 
deflection  has  to  bo  obtained  it  is  not  necoasary  to  know  what 
proportions  the  various  degrees  of  deflection  which  it  is  possible 
to  have,  bear  to  the  currents  which  produce  them.  If,  how- 
ever, a  tangent  galvanometer  is  employed  to  make  the  test,  then 
it  is  \innecessary  to  reproduce  the  same  deflection  esaotly, 
though  it  is  advisable  to  make  it  approximately  near  to  it. 

308.  Suppose  that  in  the  last  example  the  teat  had  been 
made  with  a  tangent  galvanometer,  and  the  deflection  obtained 
with  the  standard  cell  had  been  64°  instead  of  60°  (the  deflection 
given  by  the  current  whose  strength  was  required),  then  in 
this  cose  the  actual  strength,  0„  of  the  current  would  be 
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tan  60° 
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309,  If  we  use  no  shunt,  or  the  same  shunt  when  taking  both 
tbe  deflections,  and,  further,  if  we  make  the  total  resistance  in 
circuit  with  the  standard  Daniell  cell  equal  to  1079  ohms,  then 
Cttlliug  (i°  the  deflection  given  by  the  current,  and  d°  the  defleo- 
"'  in  given  by  the  standard  cell,  we  have 


__  l_-079       tand° 
~  1079"  ^  tan  i7  ' 


tand= 


or,  further  still,  if  by  means  of  an  adjusting  magnet  we  can 
arrange  that  the  deflection  given  by  the  standard  cell  through 
^079  ohms  equals  45",  then  since  tan  45°  =  1,  we  must  have 
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Cakpew's  Diffeuentlal  Method.* 

810.  This  method,  devised  by  Lieut,  Cardew,  r.e.,  is  a  very  J 
■atisfaotory  and  useful  one ;  its  theory  is  shown  by  Fig.  92. 

The  galvanometer  G  is  wound  with  two  wires,  g  and  g, ; 
onnent  C,  whoso  strength  it  ia  required  to  meaHuro  is  passed  1 
through  the  coil  g,  (which  has  a  low  resistance),  and  a  standard  | 


battery  E  is  connected  in  circuit  with  the  second  coil  g  and  with 
an  adjustable  resistance  E.  ITie  current  being  passed  through 
the  coil  g,,  the  resistance  fi  is  adjusted  until  the  needle  conies  to 
zero. 

If  we  call  (1  and  n,  the  relative  deflective  eEfects,  for  the  . 
same  current,  of  the  two  coils  g  and  g„  and  if  C,  and  c  be  tbs.  J 
currents  flowing  through  g,  and  g,  respectively,  then  in  order  tafl 
produce  equilibrium  we  must  hai 

H    No 

^H   the  resistance  of  the  battery  being 

I  " 


I   How  the  current  through  c  will  evidently  be 


Deluded  in  R ;  therefore 


For  etcample. 

The  relative  deflective  etfeete  of  the  coils  g  and  j,  were  m1 
1000  to  1 ;  the  resistance  of  g  was  100  ohms.     The  battery  B 
was  a  1-cell  standard  DanieU.     In  order  to  obtain  equilibrium 
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the  reeiatance  R  had  to  be  adjusted  to  4800  ohms.  What  waa 
the  strength  of  the  current  Ci  ? 

^  1-079  1000         „„„ 

^'  =  4800-+-ro0  ^  'T-  =  '^20  amperes. 
311.  The  relative  deflective  effects  of  3  and  p,  are  easily  ascer- 
tained by  joining  up  a  battery  e  and  two  resistances  R,  and  K,, 
as  shown  by  Fig.  93,  and  then  adjusting  until  equilibrium  is 
produced  ;  in  this  case  we  have 

n  :  M,  :  ;  E,  +  ff  :  Ea  +  j7, , 
or  n  _  Ri  +  g 

S12.  As  the  accuracy  with  which  a  test  can  be  made  depeuds, 

amongst  other  things,  upon  the  accuracy  with  which  —  is  tnown, 

the  higher  the  battery  power,  e,  it  is  possible  to  use,  the  better, 
since  in  this  case  the  higher  will  be  the  values  which  can  be 
given  to  R,  and  E,,  and  the  higher  consequently  will  be  their 
range  of  adjuBtment ;  thus  if  we  use  sufficient  battery  power  to 
enable  a  change  of  ■!  per  cent.,  that  is  to  say,  1  ohm  in 
1000  ohms,  or  ^'^th  of  an  ohm  in  100  ohms  in  E,  +  3.  to  produce 
a  perceptible  movement  of  the  needle,  then  we  can  obtain  the 

value  of—  to  an  accuracy  of  ■  1  or  t'o*-^  P^"^  cent. 

The  resistance  of  g,  would  have  to  be  very  sraaU  compared 
■with  the  resistance  of  17,  so  that  it  would  not  add  appreciably  to 
the  resistance  of  any  circuit  in  which  it  is  inserted, 

313.  As  regards  the  Beat  etmditiom  for  making  the  test,  this  will 
be  directly  proportional  to  the  relative  values  of  the  figure  of 
naerit  of  the  coil  g,  and  the  current  to  be  measured,  for  it  is 
evident  that  no  matter  whethei  equilibrium  exists  owing  to 
there  being  no  current  flowing  through  the  colls  g  and  31,  or  to  ■ 
equal  currents  flowing,  still  the  current  which  will  deflect  the 
needle  1  division  will  be  the  same  in  both  cases ;  hence  if  the 
reciprocal  of  the  figure  of  merit  of  the  coil  g,  be,  say,  rjr.iinjth  of 
an  ampere,  then  an  increase  of  ■nr.J^iro*'^  "^  ^^  ampfire  in  the 
current  C,,  no  matter  what  the  stieugth  of  the  latter  may  be, 
will  prodnce  a  deflection  of  1  decree.  It  is  evident,  therefore, 
that  the  greater  the  strength  of  the  current  the  greater  is  the 
degree  of  accuracy  with  which  its  value  can  be  determined ; 

thus  if  ~  be  the  figure  of  merit  of  the  coil  gi  and  Ci  be  the 
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current  to  be  measured,  then  the  Percentage  of  accuracy  aUmnahle 
will  be  the  percentage  which  c'  is  of  C,. 

To  enable  this  percentage  to  be  obtained,  however,  it  would 
be  necessary  that  the  total  resistance  of  the  circuit  of  g  be 
adjustable  to  a  similar  degree  of  accuracy ;  in  order  that  this 
may  be  the  case  E  must  be  of  such  a  value  that  the  number  of 
units  in  E  +  ^  is  not  less  than  that  which  satisfies  the  equation 


Now, 


therefore 


or 


1 

i  +  g 

E 

n 
-  X  -» 

g     wj 

/       n 
-X  -5 

02 

X  — • 
n 

For  example. 

The  reciprocal  of  the  figure  of  merit  of  coil  g^  of  the  galvano- 
meter was  '0001  amperes  (c');  the  current  to  be  measured  was 

approximately  '5  amperes  (Ci);  and  the  value  of  —  was  '001. 

n 

What  was  the  possible  degree  of  accuracy  attainable  in  making 

the  test,  and  what  would  have  been  the  lowest  value  which 

should  have   been   given  to  E  in  order  that   this   degree  of 

accuracy  might  be  attained  ? 

^         .  ^  100  X  -0001 

Percentage  of  accuracy  = -^ =  •  02  per  cent. ; 

also 

If,  therefore,  E  consisted  of  3  Daniell  cells,  the  required  value 
of  R  +  gf  would  have  been  obtained. 
To  sum  up,  then,  we  have 

'    Best  Conditions  for  making  the  Test, 

C  2       ^ 

314.  Make  E  not  less  than  — ^  x  -\  c'  being  the  reciprocal 

c        n 

of  the  figure  of  merit  of  the  coil  through  which  the  current  to 

be  measured  is  passed. 


r 
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Poeaible  Degree  of  Aeeuracy  attainable, 

100  c' 
Percentage  of  accuracy  =  —^ —  ■ 


ibregoing,  and  it 
,  special  form  of 


Kempe's  Brid-ge  Method. 

315.  This  method  ia  a  modification  of  the 
lias  the  advantage  that  it  does  DOt  require 
galvanometer    for    its  esecution. 
It  is  shownin  principle  by  Fig.  94, 

In  makini;  the  teat  the  resist- 
ance R  is  adjusted  until  no  deflec- 
tion is  observed  on  the  gal- 
vanometer ;  when  this  is  the  case 
the  current  c  from  the  battery 
roust  alao  be  the  current  flowing 
through  r,  and  again  the  current 
C|  must  alao  be  the  current  flowing 
through  r,.  Now  since  no  current 
flows  through  the  galvanometer,  the  potentiala,  V,  T,  on  either 
side  of  it  must  bo  the  same,  honco  if  o  be  the  poteotiiil  at  tbe 
junction  of  r  and  ri,  then  by  law  (A)  (page  256j  we  have 


For  example 


r,(E+0 


[A] 


The  battery  E  consisted  of  a  single  standard  Daniell  cell.  The 
reeistanccs  r  and  r,  were  100  ohma  and  1  ohm,  respectively, 
XkinilibTium  was  obtained  on  the  galvanometer  G  when  E  was 
lAjastad  to  iQQQ  ohtnn ;  whatwaa  the  strength  of  the  current  C,? 
^         1-079  X  100  ^„„„ 
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31G.  Let  U8  now   conBider  tlie  Beat    Conditions  /or  makit 
the  Test. 

What  we  have  to  determine  iB.^lst,  ■what  ahould  be 
values  of  E  and  r?  and  2nd,  -what  shonld  be  the  value  of  R 

The  values  which  E  and  r  should  have  shonld  be  such  that 
the  deflection  of  the  galvanometer  needle  is  as  large  as  possible 
when  eqnilibrinm  is  very  nearly,  though  not  qnite,  produced. 
Now  if  we  regard  E  as  a  constant  quantity,  then  the  value 
which  E  must  have  will  depend  npon  the  value  given  to  r, 
consequently  we  have  to  determine  what  the  latter  quantity 
should  be. 

Practically  the  resistance  r,  would  in  all  cases  have  to  be  of  a 
very  low  value,  and  if  we  coueider  it  to  he  so  the  problem  to  be 
solved  becomes  a  comparatively  simple  one.  We  may  regard  the 
current  c'  producing  the  deflection  of  the  galvanometer  needle 
as  due  to  a  difference  of  two  ourrenta,  C^  being  one,  and  the 
current  produced  by  the  electTomotive  force  E,  being  the  other. 
Let,  then,  c,  and  Cj  be  the  portions  of  these  currents  which  flow 
in  opposite  directions  through  the  galvanomet«r  G,  then  if  we 
suppose  the  deflection  to  be  due  to  B  being  incorrectly  adjusted 
to  R  +  8,  WB  have  (supposing  r,  to  he  very  small), 

0,r, C,ri(R  +  &+r) 

(K  +  S)  r   ~  GB+G3  +  Gr  +  Er  +  rS' 
■"E+S  +  r 
and 

_  E  _j^  _  Br 

'~T)    ,   5;  ,      rG     ^r+G      GB  +  GS  +  Gr+Er  +  r 


but  since  from  equation  [A]  (page  271)  we  have 

therefore 

0,r,  («+••) 

'"GE  +  GS+Gr+Er  +  rS" 


therefore 

^  ^  C,r,(B  +  8+_r) C,^{nj-_r} 


U^M 


«  +  J 


+  Er+r3      GE +  G8  + G7^Er+r 

C.r,  8 

GK-i;.G8+Gr 
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Or,  since  S  ia  very  Bmall,  wo  may  Bay 


"GE  +  Gr  +  Hf 


=  H(G  +  r; 


From  thia  equation  we  can  see  that  r  should  be  made  amall, 
but  we  can  also  aee  that  there  is  but  little  advantage  in  making 
it  much  smaller  than  G.  In  fact,  tliere  is  an  actual  disadvantage 
in  making  r  estremelj  small,  for  this  would  necessitate  E  being 
made  very  large,  which  would  be  inoonvenieot. 

We  have  next  to  determine  what  is  the  beet  value  to  give  to 
E.  Now,  the  larger  we  make  the  latter,  the  greater  will  be  its 
range  of  adjustment,  consequently,  as  in  previous  tests,  we 
should  give  it  the  highest  vtiiue  euch  tliat  a  change  of  1  unit  from 
itt  correct  reaiilance  produces  a  perceptible  deflection  of  the  galvano- 
meter needle. 

We  have 

, 0.r,S 

"  "R(G-l.r)  +  Gr' 

aod  if  ia  this  equation  wo  put  S  =  1  we  ehall  get  the  cunent 
correaponding  to  a  change  of  1  uait  from  the  oorrect  value  of  K, 
that  is 

, C,  r, 

'  -B(G  +  r)  +  Gr' 

or,  fliuce  T  muet  be  small,  we  may  praetieally  aay 
,       fir, 
'  ~EG' 


R  = 


t'G 


m 


If  then  we  make  c"  the  reciprocal  of  the  figure  of  merit  of 
the  galvanometer,  the  value  ot  R  -worked  out  from  the  equation 
will  show  the  highest  value  that  the  latter  quantity  should  have. 
But  the  value  of  R  depends  upon  the  value  given  to  £ ;  we  must 
therefore  doteimine  what  the  latter  should  be. 

We  have 

r  -      ^' 

"'-r.Cit  +  r)' 
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and  Bubstitating  the  value  of  B  obtained  from  equation  [B] 
we  get 

C. 


'•'■(tS+O. 


or,  as  r  is  small  compared  with  B,  that  is  with  -^ » we  may  say 

For  example. 

It  was  required  to  measure  the  exact  strength,  Ci,  of  a  current 
whose  approximate  strength  was  known  to  be  '03  amperes.  A 
Thomson  galvanometer  of  5000  ohms  resistance  (G)  was  employed 

for  the  purpose,  its  figure  of  merit  being  1,000,000,000  (  -J.  The 

resistances  of  r  and  r^  were  100  ohms  and  1  ohm  respectively. 
What  should  be  the  value  of  E  in  order  that  B  may  be  as  high 
as  possible  ? 

E  = _i:OZxJl ,.3^^i^^ 

X  5000  X  100 


1,000,000,000 


that  is  to  say,  practically,  E  should  consist  of  2  Daniell  cells. 

Assuming  E  to  be  equal  to  2  volts  approximately,  then  (from 
equation  [BJ)  the  value  which  B  would  have  i^  order  to  obtain 
)uld  be 


balance  woi 


E  = j03xj ^  gQQQ  ^j^^g 

X  5000 


1,000,000,000 

approximately. 

317.  In  order  to  determine  the  Possible  degree  of  accuracy 
attainable^  let  us  suppose  B  to  be  1  unit  out  of  adjustment,  and 
let  X  be  the  corresponding  error  produced  in  Ci,  then  we  have 

or 

Er  ^  Er  Er 

A  s=   — 7=r = — ; r  —  Ui  = 


r,(B-l+r)  r,(E-l  +  r)      r,(B  +  r) 

Er 

ri(B-l  +  r)(B  +  r)' 
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e  B  is  large,  we  may  say 


or,     (K  +  r)- 


(^0^ 


■iW^ 


e  call  A'  the  percentage  of  accuracy,  then 

100  k      100  C,  ri 


i.  155 .to,,    or. 

If  we  take  the  values  g^ven 
approximately 

100  X  -osx  1 
2  X  100 


the  foregoing  example  we  have 
016  per  cent. 


To  sum  ap,  then,  wo  have 

Best  Conditions  for  making  the  Teti. 
318.  Alake  E  the  nearest  possible  value  above 


(C,r.)V 


I 


ia  the  reciprocal  of  the  figure  of  merit  of  the  galvanometer,  and 
Ci  is  the  approximate  strength  of  the  current  to  be  meaBured. 
The  value  which  K  will  req^uire  to  have  will  be 


PoasSile  Degree  of  Accuraey  attainable. 
Pe,oen..g.„facon™r.i°^. 


DiFFESESCE  OF  POTENTIAL   DEFLECTION   MePUOD. 


319,  Fig.  95  shows  the  general  principle  of  this  method, 
A  B  is  a  low  resistance  through  which  the  current,  0],  to  be    I 
meagnrad  paaeea.    A  galvanometer,  G,  in  circuit  with  a  high.  J 

T  1 
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reaistance,  E,  ie  oonnectod  between  the  ends  of  A  B  aa  diomi, 
then,  calling  V  and  T,  the  potentials  at  A  and  B  respectively, 
we  have  by  law  (A)  (page  256) 


To  determine  V  —  V,  all  we  have  to  do  is  to  note  the  defleo- 
tinn  d  on  the  galvanometer  G,  and  then,  having  diHConnected 
the  latter,  together  with  the  resistanoe  E,  from  AB,  to  join 
them  in  circuit  with  a  standard  cell  of  known  electromotive 
force,  B,  and  to  obtain  a  new  deflection  dj ;  we  then  have 
V  -  V.  :  E  : :  d  :  d, , 


H 

o- 

{ 


320.  In  order  that  the  test  may  be  a  satisfactory  one  ths 
resistance  G  +  B  should  be  very  high  compared  with  the 
reaietance  r,  so  that  the  strength  of  C,  is  practically  the  same 
whether  G  +  E  is  connected  to  A  B  or  not ;  also  r  should  be  as 
low  as  possible,  bo  that  it  may  not  appreciably  add  to  the 
resistance  of  the  circuit  in  wbich  it  is  placed.  In  order,  there- 
fore, that  a  satisfactory  deflection  may  be  obtained,  the  galvano- 
meter G  should  he  one  with  a  high  figure  of  merit ;  a  Thomson 
galvanometer  answers  the  pnrpoBo  very  satisfactorily. 

For  example. 

In  making  a  measurement  according  to  the  foregoing 
the  resistance  r  was  ■jV^'^  **f  "i  ohm,  and  the  deflection  obtained 
on  G  was  250  divisions  (d).  When  G  and  E  wore  connected  to 
M  staodadd  Daniell  oell  in  the  place  of  being  joined  to  A  B, 


te^B 
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a  dofiection  of  230  diTiaions  (d,)  waa  obtaiaed  ;  wLal 
strength  of  the  current  Cj  ? 

_  1-Q79  X  250 
y  ^'  -     r\  X  230      '- 


H'7  amperes. 


*    Ab  it  is  obviously  advisable  that  the    deflections   obtained 

'  should  both  be  bb  high  as  possible,  the  standard  electromotive 
force  E  may  have  to  be  adjusted  for  the  purpose,  that  is  to  say. 
it  may  have  to  consist  of  several  colla.  Instead  of  adjiiating 
E  only  we  may  make  the  latt«r  of  any  convenient  high  value, 
and  then  adjust  B  so  that  the  required  deflection  is  obtained  ; 
in  this  case  if  B,  be  the  resistance  when  E  is  in  circuit,  we 
must  have 

_EJ(R  +  G) 

L  ■      r<i,(E,  +  G) 

K  For  emamph. 

I  In  making  a  measurement  according  to  the  foregoing  tost 
the  resistance  of  r  was  -^th  of  an  ohm  and  the  deflection 
obtained  on  G  was  270  divisions  {d) ;  the  resistances  of  G  and 
E  were  5000  ohms  and  1000  ohms  roBpectively.  When  G  and 
R  were  connected  to  a  standard  Daniell  cell  B  had  to  be  adjusted 
to  7000  ohms  (E,)  in  order  to  obtain  a  deflection  of  300  divisions 
(d,) ;  what  was  the  strength  of  the  current  Ci  ? 
_  1-079  X  270  X  (lOftO  +  SOOO) 


1 
I 


r  X  300  X  (7000  -|-  6000) 


6  amperes. 


Of  course  if  the  value  of  E,  ia  made  such  that  the  deflections 
md  d,  are  equal,  then 

E(E  +  Q-) 
^'       i-Cli.  +  G>' 

321.  From  the  eitreme  simplicity  of  the  test  it  must  be 
>bviouB  that  the  "  Best  conditions  for  making  the  test "  and  the 
*'  Fosaible  degree  of  accuracy  at  tainable  "  must  be  as  follows : — 

Beat  Condition*  for  taaking  the  Teel. 
Kake  B  and  E,  of  sach  values  that  the  deflections  obtained 
e  as  high  as  possible. 

Posfible  Degree  of  Accttraei/  attainable. 

Percentage  of  accuracy  =  100  i  (  5  +  -j-) 
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where  ^  is  the  fraction  of  a  division  to  which  each  of  the 
deflections  can  be  read. 

DiFFERENCB  OF  POTENTIAL  EQUILIBRIUM  METHOD. 

322.  Fig.  96  shows  the  general  principle  of  this  method. 
A  B  is  a  slide  wire  resistance,  a  being  the  slider.    A  galva- 
nometer, G,  and  a  standard  battery,  E,  are  joined  up  as  ^own. 

Fig.  96. 


80  that  the  latter  tends  to  send  a  current  through  ri  in  a  direc- 
tion opposing  the  current  C,.  «  is  then  slid  along  A  B  until 
the  point  is  reached  at  which  no  deflection  of  the  galvano- 
meter needle  is  observed ;  when  this  is  the  case,  then  by  law 
(A)  (page  256)  we  have 

and  by  law  (B)  (page  258),  since  no  current  is  flowing  through 
the  galvanometer, 

V-  Vi  =  E; 
therefore 

C.r,  =  E, 
or 

c..--. 

If  the  resistance  of  the  whole  length  of  wire  A  B  be  r  ohms, 
and  if  it  be  divided  into  n  divisions,  then  if  the  number  of 
divisions  between  A  and  D  be  nj,  the  resistance  Vi  will  be 

n  ' 
consequently  we  must  have 

For  example. 

The  electromotive  force  E  consisted  of  1  standard  Daniell 
cell;   the  wire  AB  had  a  resistance  of  1  ohm  (r),  and  was 
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divided  into  1000  parte  (n).      Er[uilibrium  was  obtained  when 
the  slider  was  set  at  the  750th  division  f»i);  what  was 
strength  of  the  current  C,  ? 

L  -,        1-079  X  1000       ,    .. 

I  ^'^       1x760     -l-il^-Pfe'-e^- 

333.  The  conditions  for  making  the  teBt  in  the  most  satis- 
factory manner  are  comparativeLy  simple.  The  nearer  we  have 
the  slider  to  B,  that  is  to  say,  the  larger  we  make  iii,  the  smaller 
will  be  the  percentage  of  error  in  the  latter  due  to  the  slider 
being,  say,  1  division  out  of  position.  As  the  position  of  the 
slider  for  equilibrium  depends  upon  the  va!ue  of  E,  the  latter 
must  be  sufficiently  great  to  ena.ble  n,  to  be  as  large  as  pOBsible. 

^Th6  greatest  theoretical  value  which  E  oould  have  must  be 
that  which  it  would  possess  when  jti  =  »i,  in  which  case  we  get 
C,  --,    or,    E  =  C,r. 

As  it  is  only  possible  to  adjust  E  by  variations  of  1  cell,  we 
must  take  care  that  its  actual  value  is  less  rather  than 
greater  than  C,  r,  otherwise  it  would  be  impossible  to  obtain 
equilibrium. 

It  ia  also  necessary  that  the  figure  of  merit  of  the  galvano- 
meter be  sufBciently  high  to  enable  a  perceptible  movement  of 
the  needle  to  be  obtained  when  the  slider  is  moved  a  readable 
distance,  8,  from  the  position  of  exact  balance.  If  we  suppose  the 
slider  to  be  at  D  when  equilibrium  is  produced,  then  the  electro- 
motive force  which  would  tend  to  send  a  current  through  the 
galvanometer,  supposing  the  slider  to  be  displaced  a  distance  S, 
would  be 


conaequently  the  current  c',  passing  through  the  galvanometer, 
will  be 

,  _  E_8_  _  0,  rS. 
"^  ~  Gn,~    Gw   ' 
Ei^  therefore,  we  require  to  adjust  the  slider  to  an  accuracy  of  S, 
■'tiie  figure  of  merit  ( ;;  J  of  the  galvanometer  must  not  be  less 
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The  percentage  of  accuracy,  K,  with  which  Ci  can  be  obtained 
miist  obviously  be 


lOOC.rS 

■^  -~E^; — 

For  example. 

It  being  reqiiired  to  measure  the  strength,  C,,  of  a  cuiTenu 
whoBe  approximate  value  ie  1*6  amperes,  a  galvanometer  ofj 

600  ohms  resiatance  (G),  whose  figure  of  merit  is  1,000,000  (p)> 

is  proposed  to  be  employed  for  tlie  purpose.     The  resistance  of 

the  whole  leogth  of  the  slide  wire,  which  is  divided  into  1000 

divisions  (n),  ia  1  ohm  (r);  the  position  of  the  slider  can  be 
I  read  to  an  accuracy  of  ^  a  division  {&).  What  is  the  highest 
I  Talue  that  could  be  given  to  E?  also  to  what  percentage  of 
I  accuracy  could  C,  be  determinod,  and  what  should  be  the  figure 

of  merit  of  the  galvanometer  in  order  that  this  percentage  oSm 

accuracy  may  be  attained? 

E  =  1-5  X  1  =  1-5  volte; 

therefore  we  cannot  make  E  greater  than,  say,  1  DanieU  c 

(1  volt  approximately). 

t.         i         r                    100  X  l-5x  1  X  4        n-TE  ^a 

i^ercent^Qoiaooaraoy  = ,nnn  —       =  "OTopercentB 

To  enable  this  percentage  of  accuracy  to  he  obtained,  tU 
I  fignre  of  merit  ( i )  of  the  galvanometer  must  not  be  lesi  than 
1        5.0  X  1000 
c       1-0  X  1  X  i 
y  the  figure  of  merit,  therefore,  of  the  galvanometer  in  question 
Bufficient  for  the  required  purpose. 
To  sum  up,  then,  we  have 

Beet  Conditions /or  making  the  Test. 
321.  l^Iako  E  the  nearest  poasible  value  below  0,  r. 
The  figure  of  merit  of  the  galvanometer  should  not  be  1 


r 
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Possible  Degree  of  Aecnraci/  atlainabh. 
Percentage  of  accnxacy  =  — 

Siemens'  Electho- Dynamometer. 


i.  This  apparatus,  although  it  cau  be  used  for  meaanring 
ordioary  powerful  currents,  yet  has  the  special  advantage  that 
it  enables  rapidly  altemaling  currents  (such  as  are  employed  in 
the  Jablochtoff  system  of  electric  lighting,  for  example)  to  be 
measured ;  such  currents  would  give  no  indications  < 
ordinary  galvanometer. 

The  principle  of  the  electro-dynamometer  is  based  upon  the 
mutual  action  of  currents  upon  one  another,  i.e.  upon  the  fact 
that  currents  in  the  same  direction  attract,  and  in  opposite  direc- 
tions repel,  one  another.     Fig.  97 
shows  how  the  principle  is  applied.  ^lO'  ^T- 

A  B  C  D  is  a  fixed  wire  rectangle, 
and  abed  a  smaller  one,  suspended 
by  a  thread,  (,  within  the  larg;er, 
HO  that  it  can  turn  fieely  about  its 
axis ;  the  planes  of  the  two  are  at 
right  angles  to  each  other.  Now, 
if  the  two  rectangles  be  connected 
together  in  the  way  shown,  then  a  ' 
current  entering  at  VV„  and  passing  , 
ont  at  W„  will  traverse  the  two, 
and  the  current  passing  from  B  to 
C  will  attract  the  current  passing 
from  a  to  d,  and  will  repel  the 
current  passing  from  e  to  b.  A 
similar  action  takes  place  with 
reference  to  the  current  passing 
from  D  to  A,  cimaequently  the 
smaller  rectangle,  under  the  infl  uence  of  the  forces,  will  tend  to 
turn  about  its  asis,  in  the  direction  in  which  the  hands  of  a 
■  watch  rotate.  If  the  current  enters  at  W„  and  leaves  at  W,, 
then,  inasmuch  as  the  directions  of  all  the  currents  in  the  wires 
are  reversed,  the  small  rectangle  must  still  tend  to  turn  in  the 
direction  indicated.  If  one  or  both  of  the  rectangles  consist  of 
seveml  turns  of  wire,  the  turning  effect  for  a  given  current  will 
be  proportionally  increased. 

Ah  the  turning  effect  on  the  coil  is  produced  by  the  action 
of  the  current  through  the  fixed  coil  acting  on  the  current  ) 


1 


I 


I 
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through  the  movahle  coil,  ttnd  as  the  two  coils  are  in  the  same 
circuit,  it  followB  that  if  the  carrent  paseing  through  the  fixed 
cxiil  is  doubled,  then  the  curreat  passing  through  the  moTable 
coil  is  also  doubled,  consequently  we  have  one  doubled  current 
acting  upon  another  doubled  ourreut,  and  therefore  we  must 
have  a  quadrupled  deflective  effect— in  other  words,  the  deflec- 
tive force  tending  to  turn  the  movable  coil  will  vary  ae  the 
sguare  of  the  current.  The  way  in  which  this  principle  is 
utilised  will  be  best  understood  by  reference  to  Fig.  98,  which 
Bhows  a  general  view  of  the  Siemens  Dynamometer, 

The  apparatus  consistB  of  »  rectangle  of  wire  hung  from  a 
fibre  whoBC  upper  end  is  fixed  to  a  thumb-screw;  the  latter  is  ■ 
provided  with  a  pointer  which  can  be  moved  round  a  graduatediH 
dial;  one  end  of  a  Bpira.1  spring  is  also  attached  to  the  rect-H 
angle,  the  other  end  being  fiied  to  the  thumb-sorew.     In  this  ^ 
arrangement  the  number  of  degrees  to  which  the  pointer  is 
directed  evidently  indicates  the  amount  of  tension  given  to  the 
spiral  spring.     To  the  rectangle  also  is  fixed  a  pointer,  the  end 
of  which  just  laps  over  the  edge  of  the  graduated  dial.     The 
rectangle  encircles  a  coil  consisting  of  several  turns  of  thick, 
and  a  larger  number  of  turns  of  thin,  wire ;  the  two  ends  of 
the  thick  wire  are  oonnected  to  terminals  2  and  3,  and  the  two 
ends  of  the  thin  wire  to  terminals  1  and  3.     Connection  ia 
made  between  the  rectangle  and  the  wire  coils  by  mercury  oupa^j 
into  which  dip  the  ends  of  the  wire  forming  the  reotangli 
The  base-board  has  three  levelling  screws ;  the  level  consial 
simply  of  a  small  pointed  weight  hung  at  the  end  of  a  ro 
(seen  on  the  right  of  the  figure),  the  pointed  end  hangs  exactl; 
over  a  fixed  poiut  when  the  instrument  is  level. 

326.  The  method  of  using  the  instrument  ia  as  follows ; — ■" 
The  wires  leading  the  current  whose  strength  is  to  be  deter- 
mined are  connected  to  terminals  1  and  3,  or  2  and  3,  according 
as  a  strong  or  weak  current  has  to  he  measured.  The  carrent 
deflects  the  rectangle ;  the  thumb-screw  is  now  turned  in  the' 
reverse  direction  to  that  in  which  the  rectangle  has  turned,  ai 
torsion  being  thereby  put  on  the  spiral  spring  the  rectangh 
I  forcibly  brought  back  towards  its  normal  position — that  is, 
right  angles  to  the  coils,  or  to  the  position  at  which  the  poini 
attached  to  the  rectangle  stands  at  eero  on  the  scale.  The 
number  of  degrees  of  torsion  given  to  the  spiral  spring  being 
then  read  off,  the  strength  of  the  current  ia  found  by  reference 
to  a  table  supplied  with  each  instrument.  To  construct  this 
table  a  current  of  a  known  strength  ia  sent  through  the  instm- 
ment,  and  then  the  degree  of  torsion  required  to  bring  the 
rootttugle  ibaok  to  zero  is  carefully  noted.     This  being  done, 


the: 

9 

itai^H 
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the  currenta  corresponding  to  other  degrees  of  torsion  are 
eaaily  calciilateil.  The  force  of  torsion  varieB  directly  as  the 
number  of  degrees  through  which  the  spiral  spring  ia  twisted, 
■whilst,  as  has  been  before  explained,  the  deflective  effect  of  the  _ 
cnrrent  varies  directly  as  the  square  of  the  latter.  In  othecj 
words,  if  0°  be  the  number  of  d^reea  of  torsion  required  t 
bring  the  rectangle  back  to  zero  when  It  is  traversed  by  ft 
current  of  C  ampires,  then  if  Ci  be  the  current  which  i 
correspond  to  any  other  degree  of  torsion  ipi",  we  have 


*°  :  *,° 


:  C :  C 


V^ 


For  eteample. 

If  180°  (•p")  of  toreion  were  required  to  bring  the  rectangle 
back  to  zero  when  it  was  traversed  by  47 '57  (C)  amperes  of 
current,  what  current  (Ci)  would  be  represented  by  80°  (0i°)  of 
torsion  ?  ■ 


=  V" 


<  t7Sx47-6 
180 


31-7. 


327.  Like  galvanometers,  tlie  Siemens  electro-dynamometer 
IB  not  susceptible  of  great  accuracy  when  the  readings  are  very 
low,  in  lact  the  higher  the  readings  are,  the  more  accurate  are 
the  result*  obtainable.  Thus,  for  example,  5°  of  torsion  of 
the  spring  represents  a  current  (in  the  instrument  (No.  1009) 
shown  by  Fig.  98)  of  7-93  amp&rea,  whilst  6°  more,  that  ia  10^ 
in  all,  represents  a  current  of  1 1  ■  23  amperes.  In  other  words,  a 
range  of  5°  of  torsion  only,  repre»-ents  a  difference  in  the  current  of  _ 
(11-23 -7-93)100  J 

I  "  7-"9"3 ^^  '*"*■  ^       P^*"  '^"*"  I 

If,  however,  the  current  had  been  66-38  amperes,  which  corrft- 
sponds  to  a  torsion  of  350°,  then  6°  more  of  torsion,  or  355°  in 
all,  represents  a  current  of  66-86  amperes,  consequently  the 
range  of  6°  of  torsion  in  this  case  represents  a  difference  in  the 
current  of  ~ 


(66-86 -66-88)100 


per  cent.  =  ■  72  per  cent. ; 


I  a  greater  degree  of  torsion  would  have  rendered  tl 
still  less. 
Every  infitrumeut  is  supplied  with  a,  table  whioh  slwwa  4 
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current  etrengtba  correepording  to  varioua  angles  of  torsion ; 
praotioally  thie  table  ia  different  fur  every  instrument,  as  it  ie 
almost  impoaeible  (nor  ia  it  necesearj)  to  make  two  dynamo- 
mete  rs  alike.  The  table  supplied  with  the  instrument  (Bbown 
by  Fig.  98  (No.  1009))  is  calculated  so  that  the  latter  can 
theoretically  be  used  for  meusuriag  currents  varying  from  1  ■  05 
to  66 '86  amperes  in  strength.  The  Ihin  wire  coil  is  to  be 
employed  when  enrrents  of  from  1'05  to  19'87  ampfireflarelobo 
measured,  and  the  thick  wire  coil  for  currents  of  from  3  "64  to 
66  ■  86,  The  numbers  of  degrees  of  torsion  representing  various 
currents  are  all  multiples  of  6;  thus  the  first  calculation  on  the 
table  (thick  wire  coil)  is  1°,  which  represents  3'5  amperes  of 
current ;  the  next  is  6°,  representing  7 -93  ampferos  ;  the  neit, 
10°,  representing  11-28  ampfirea;  and  eo  on.  Practically  the 
instrument  cannot  well  be  adjusted  to  a  closer  degree  of  accu- 
racy than  5°. 

The  thin  wire  coil,  having  about  three  times  the  magnetic 
effect  of  the  thick  one,  requires,  for  a  definite  current,  that  the 
number  of  degrees  of  torsion  to  bring  the  needle  back  to  zero 
be  about  three  times  that  which  is  required  in  the  case  of  the 
thick  coil ;  in  other  words,  with  the  thiu  wire  coil  we  can  prac- 
tically measure  currents  to  about  three  times  the  degree  of 
accuracy  which  is  possible  with  the  thick  coil ;  but,  on  the 
other  hand,  the  highest  current  which  we  can  practically 
measure  with  the  thin  coil  is  about  one-third  only  of  the  highest 
current  which  can  be  measured  with  ihe  thick  coil. 

The  lowest  current  which  can  be  measured  consistent  with  a 
degree  of  accuracy  equal  to  10  per  cent,  is  5-76 ;  for  the  neit 
current  below  this  on  the  table  uj  5  '25,  and  therefore  we  have 
(5-76 -5-26)100 


1 


per  cent.  =  10  per  cent,  nearly. 


(16-77-  16  60)  100 


^^^Hf  we  require  to  be  accurate  within  1  per  cent,,  then  the  lowest 
^^^mrrent  we  could  measure  would  be  16-77,  as  the  next  current 
^^rWow  this  on  the  table  is  16  -  60.  and  we  therefore  have 

where  0  is  a  particular  current,  and  C,  the  current  next  below 
it  on  the  table,  and  einoe 


per  cent.  =  1  per  cent,  nearly. 


ince  the  peroentage  of  accuracy  is  equal  to 

(G  -  C  J  100  _     " 


-ii-^y' 
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wHere  0°  and  0,"  are  the  degrees  of  torsion  corresponding  to  ti 
onrrents  C,  Ci,  therefore 


Percenlage  of  accuracy  =  (     /  *. 

-l)lOO;               1 

and  as  the  smallest  difference  to  which  we  ■ 

can  practically  read-. 

is  5°,  therefore 

Percentage  of 

accuracy 

-W^- 

-  l)  100  =  A',  say.  1 

Therefore 

I 

V' 

^  =  4  +  '^ 

1 

therefore 

1 

-:^ 

"    10,000  ''"''■"'"; 

1 

therefore 

■ 

or, 

6°_ 

X"         v. 

10,000  ^  50 ' 
o          50,000 

4 

K"  +  aoOA' 

which  ahonn  us  the  smallest  number  of  degrees  of  1 
which  must  be  given  to  tho  spiral  spring  when  measuring  ■ 
current,  in  order  that  the  latter  may  be  measured  to  a 
of  V  per  cent. 

For  excKnple. 

It  was  rei^nired  to  be  able  to  measure  currents  of  10  amp^i 
and  upwards  to  an  accuracy  of  1  per  cent.,  by  means  of 
eleotro-dynamonvetor ;  how  many  degrees  of  torsion  would  the 
spiral  spring  be  required  to  make  ?  " 


1  +  200  ' 


showing  that  the  electroniynamometer  must  be  so  constructol'. 
that  when  currents  of  10  amperes  and  upwards  have  to  '!»■ 
measured,  not  less  than  248°  of  torsion  have  to  be  given  to  the 
spiral  spring  in  order  to  bring  the  needle  back  to  zero. 

338,  From  the  ooustruction   and  principle   of  the  6leotn>- 
d^namometer  it  must  be  evident  that  the  accuracy  of  the 
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absolute  results  obtained  by  its  means  must  depend  entirely 
upon  the  torsion  of  the  spiral  spring  remaining  constant.  It 
seems  possible  that  change  of  temperature  and  frequent  use 
might  alter  the  value  of  the  torsion,  but  this  point  does  not 
appear  to  have  been  satisfactorily  settled.  The  instrument 
might  probably  be  made  of  more  value  if  its  coil  were  com- 
posed of  a  large  number  of  turns  of  thin  wire,  shunted  by  a 
thick  wire  shunt.  The  latter  would  be  used  when  measuring 
the  strong  currents,  whilst  the  correctness  of  the  instrument 
could  be  verified  by  sending  a  comparatively  weak  current 
through  the  unshunted  coil.  It  is  not  often  that  powerful 
currents  of  an  accurately  known  value  can  be  had  for  the  pur- 
pose of  verifying  the  correctness  of  an  instrument,  though 
weaker  currents  are  almost  always  obtainable. 
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CHAPTER  XIII. 

MEASUREMENT   OP  ELECTROSTATIC  OAPACITY. 
Direct  De flection  Method. 

339.  The  aimpleat  way  of  meaauring  eleotroatatic  or  inductive  " 
capacitiea  is,  witli  the  aaine  battery  power,  to  compare  the  din- 
charges  from  the  unknown  capacities  with  the  discharge  from 
a  condenser  of  a  known  capacity ;  thus  we  note  the  discharge 
deflection  a  given  by  the  atiindard  condenser  F,  and  then  the 
discharges  o,,  a^,  Stc,  given  by  the  cables  or  condensers  whooa  | 
capacities  Fi,  F„  &c.,  are  required,  in  which  case 
F  :  F,  :  Fa  ::  a  :  a,  :  oj. 

For  example, 

A  standard  condenser  had  a  capacity  of  ^  microfarad,  i 
gave  a  discharge  deflection  of  300,  and  two  other  cables  o 
condensers,  F„  F^  gave  discharge  deflections  of  225  and  181 
respectively,  then 

^  :  F,  :  F.  : :  300  :  225  :  180 ; 
that  is. 


F.  =  J. 


3U0 


:  J  microfarad. 


[f  we  use  BhimtH  and  obtain  the  same  deflection,  then 

1  .  -p  .  -p  ..  Q+  s   Q  +  s.    G+B, 

*■"'■■    8   ■  s,  •~sr~' 

330,  In  measuring  the  electrostatic  capacity  of  a  cable  by 
this  method,  the  connections  for  measuring  thedischarge  from  the 
cable  would  be  made  in  the  manner  shown  by  Fig.  99.  Tin 
anangements  for  measuring  the  discharge  from  the  condenst 
woidd  be  those  indicated  by  Fig.  77  (page  240). 

Then,  as  before,    the  capacity  of  the  cable  viU  be  to  1 
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capacity  of  the  condenser  as  the  discharge  deflection  of  the  one  is 
to  the  discharge  deflection  of  the  other,  or  obtaining  the  same 
deflection  by  moans  of  shunts,  as  the  multiplying  power  of  the 
shunts. 


331.  The  capacity  per  mile  will  be  the  result  divided  by  the 
mileago  of  the  cable. 

332.  When  a  number  of  capacities  of  about  the  same  value 
have  to  be  measured,  as,  for  inatanoe,  the  capacities  of  two-knot 
lengths  of  cablo  core,  a  device  may  be  adopted  which  consider- 
ably simplifies  the  operation.  Let  F  be  the  capacity  of  the 
standard  condenser  whose  discharge  is  D  divisions,  and  let /be 
the  capacity  of  one  of  the  lengths  of  cable,  and  d  the  disohaige 
from  the  same.     Then  we  have 


I 


F  :/::  D  :  d, 


ITow  if  we  make  =  a  submultiple 

off  from  the  scale  will  give  at  onoe  the  value  of/. 


10,  then  the  value  of  d 

Thut 
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if  F  were  a  condenser  of  ^  microfarad  capacity,  and  wi 
juited   the  galvanoiuotei   that  thie  capacity  gave  a  dischargi 
deflection  of  a  little  over  333  diviBions,  then  we  should  have 


/  = 


333 1       1000 


BO  that  if  the  discharge  deflection  reading  from  the  caHe  coQil 
tjieted  of  three  figures,  a  decimal  point  put  before  the  latter  woul^ 
give  at  once  the  capacity  of  the  cable ;  or  if  the  reading  ooii4 
BJBted  of  two  figures,  then  we  must  put  a  decimal  point  and  4 
cypher.  In  the  same  way,  if  we  had  a  condenser  of  1  mici 
farad  capacity,  we  should  adjust  the  galvanometer  bo  as  to  obta 
a  deflection  of  100  divieions,  for  then 


/■ 


Id 
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r333.  The  principle  of  this  method  of  measurement  la  that  ot' 
observing  the  r;ite  at  which  the  charged  condenser  or  cable, 
whose  capacity  is  required,  diacbarges  itself  through  a  known 
resistance,  and  calculating  the  capacity  from  a  formula  which 
we  will  now  consider. 

The  elements   with  which    we  have  to  deal  are :  gapac(1 
(farad),  resistance  (ohm),  quantity  (coulomb),  time  (Becond), 
potential  (volt). 

Let  us  suppoae  the  cable  or  condenser  has  an  eleotroatatio 
capacity  of  F  farads,  and  is  charged  to  a  potential  of  V  volts,  bo 
that  it  contains  Q  coulombs  (equal  to  V  F)  of  electricity,  and  is 

•     discharging  itself  through  a  xetjistance  of  K  ohms  during  one 
second. 
The  quantity  of  electricity  in   the  condenser  or  cable 
ataiting  is  Q  coulombs. 
If  now  we  take  a  very  short  interval  of  time  t,  we  may 
aider  the  discharge,  which  really  varies  continually,  to   floi 
throughout  that  time  t,  at  the  eame  rate  as  it  had  at  the  < 
mencement,  and  the  smaller  t  in  taken,  the  more  accurate 
be  the  result. 

Thus,  since  the  quantity  escaping  is  directly  proportional  to 
the  potential  driving  it  out,  and  to  the  time  during  which  the 
escape  ooours,   and  inversely   proportional   to  the  reaiBtanoa 
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the  quantity 
Vi 


throngli  which  the  escape  takes  pi; 
will  vary  aa 


— ,  that  is,  it  equals 


K 


rwhere  K  is  a  constant  to  bo  determined. 

Now  the  units  are  so  made  that  a  condenser  of  1  farad 
electrostatic  capacity  charged  to  a  potential  of  1  volt,  that  is, 
containing  1  coulomb  of  electricity,  will  commence  to  discharge 
itself  through  a  reBistance  of  1  ohm,  at  the  rate  of  1  coulomb  per 

I  fiecond.     That  is  to  say, 


1  X  1 


K,  therefore  K  =  1 , 


The  quantity  escaping  during  the  interval  of  time  t  h 
I  is  therefore 


The  quantity  remaining 


1  tb  o  condenser  will  be 


«-w  =  «(-i^)- 


nd  that  at  the  end  of  the  nth  interval  will  bs 

«0 -«)"  =  »• 

I  Let  these  n  intervals  of  I  seconds  equal  T,  so  that  n  (  =  T. 

Now  we  have  seen  that  the  smaller  (  is,  the  more  accurate 
will  our  results  be.  Let  ub  therefore  make  t  infinitely  small, 
and  n  infinitely  great,  so  that  n  t  still  =  T,  we  shall  then  get  a 
perfectly  accurate  result,  and  the  amount  remaining  at  the  end 
f  Ume  T  will  be 


-«(-„4kT 
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To  evaluate  q  put 


nFB  X 

80  that 

05  =  00  whenn  =  oo  ; 

then 

l\»l"fB 


=«[(^+.)'] 


when  0?  =  00  ;  but  when  this  is  the  case  the  expression  within 
the  square  brackets  is  known  to  be  equal  to  e*  thus 


therefore 


therefore 


but 


|  =  e-A, 


T       ,      Q 

T 

Rlog.^ 

Q_^  YF      Y 


where  v  is  the  value  of  the  potential  corresponding  to  the  value 
q  of  the  quantity,  thus 

T  T 

F  =  — -  ^ 


Elog,-      2-303  ElogY 

V  V 

where,  as  stated  at  first,  T  is  measured  in  seconds,  F  in  farads, 
and  E  in  ohms. 

Since  Y  and  v  now  appear  in  the  form  of  a  proportion,  the 
unit  in  which  they  are  measured  is  immaterial,  although  they 
were  measured  at  the  outset  in  volts. 

In  practice  E  is  usually  measured  in  megohms  (1,000,000 
ohms),  and  consequently  F  will,  in  such  a  case,  be  measured  in 
microfarads  (j^  farad). 

*  Todhunter'B  Algebra,  Fifth  Edition,  Chapter  XXXIX. 
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for  example. 

A  fiilly  charged  condenser  gave  a  dischai^  deflection  of  300 
divisioDB  (V);  after  being  recharged  and  allowed  to  discharge 
itself  through  a  reeistance  of  600  megohms  for  60  seconds  (T), 
the  discharge  deflection  obtained  was  200  divisions  (v).  What 
waa  the  capacity  of  the  condenser  ? 

=  '295  microfarads. 


L  2-303  X  500  log  ?2^ 

■  ^200 

^  334.  In  executing  this  test  it  ia  advantageons  to  make  V  and 
e  bear  a  certain  proportion  to  one  another,  for  this  will  canse 
any  small  error  in  reading  the  valne  of  v  to  produce  oa  small  an 
error  as  possible  in  the  value  of  F  when  the  latter  ia  worked 
cut  from  the  formulai.     'I'hiB  may  be  proved  thus  : — 

Let  us  aasume  K  to  be  constant,  and  let  there  be  an  error  X 
in  F  caused  by  an  error  S,  in  u  and  an  error  8j  in  V,  the  error 
S,  being  plus  and  S,  minus,  so  that  the  total  resulting  error  is 


aa  great  ai 


e  then  have 


■  Flog.- 
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If  the  deflections  are  taken  on  a  Thomson  galvanometer  (as 
would  practically  be  always  the  case),  then  S^  =  8„  so  that  we 
get 

x  =  P Y— 

log.- 

Now  the  value  of  »,  which  makes  X  a  minimum,*  is 

Y 

*  This  may  be  detennined  in  the  following  manner : — 
To  make  A.  a  minimum  we  must  make 

log.— 

V 

i     T 

c  +  V. 
a  maximum. 
Let  the  aboye  expression  equal  u,  and  let 

V 

n 
we  then  get 

n+  1 
then 

at  a  maximum ;  therefore 

,  n  +  1 

log,  n  =  —^, 

or 

'n  +  1' 


log  n  =  (?^V  4343. 


The  solution  of  this  equation  is  best  effected  by  the  "  trial"  method,  viz.  by 
giving  n  various  values  until  one  is  found  which  approximately  satisfies  the 
equation.    If  we  make  n  =  3  *  59,  we  get 

eeenr.  /3-59  +  1 

'55509      ' 


/3-59  +  l\    ^„,„        ^^^^^ 


which  is  sufSoiently  close  for  the  purpose. 
We  have  therefore 

V  =  tjn,    or,    ©  =  -  =  — 


n       3*59 
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V 

BO  that  practically  we  may  say — make  ti  =  q— ;  ■ 

We  need  not  be  particular,  however,  about  making  c  exaellif 
V 
equal  to  ^^ ,  as  wo  could  make  it  50  per  cent,  greater  or  less 

than  tbis  value  without  materially  increasing  A.,     If  the  rate 
of  fail  were  comparatively  quiet,  there  would  be  a  positive 

advantage  in  making  o  leas  than  -—  ,  aa  the  greater  we  mate  T^ 

the  leas  will  aay  small  error  in  its  value  affect  the  correctnesa 
of  F,  aa  must  be  self-evident. 

Now,  if  R  is  adjustable,  it  is  clear  that  by  making  it  large 
enough,  we  could  make  T  large  without  reducing  v  too  mnch. 
In  the  case  of  a  cable,  E,  being  the  insulation  resistance,  is  of 
course  a  fixed  quantity,  but  when  the  measurement  is  being 
made  with  a  condenser,  any  value  may  be  given  to  B  that  is 
considered  convenient.     We  therefore  have 


possible  to  adjust  E,  make  the  latter 


I  If  the  deflections 
raid  usually  be  the 


PoBiible  Degree  of  Aeewaey  allainable, 
I'eroentage  of  accuracy  =  F     — ^^-!— ^ — — 


Percentage  of  accuracy 


where  S  is  the  fraction  of  a  division  to  which  each  of  the  deflec- 
tions V  and  V  can  be  read. 

329.  When  it  is  an  ordinary  condenser  (whose  insulation 
resistance  would  practically  be  infinite)  that  is  to  be  measured, 
the  connections  would  be  the  earns  as  those  given  in  Fig.  77, 
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page  240,  -with  tlie  addition  of  the  reBiBtatice,  wbicli  would  1)^^| 
ineorted  between  the  terminals  of  the  condenser.  ^^^| 

The  inelantaneona  discharge  (V)  can  be  taken  without  r&-^^| 
moving  the  resiatance;  for,  since  the  latter  would  be  extremely  ^^ 
high,  there  would  be  no  time  for  any  of  the  charge  to  have 
leaked  out  through  it  during  the  small  interval  occupied  by  the 
lever  of  the  key  in  passing  from  the  bottom  to  the  top  contact. 
To  take  the  discharge  after  the  interval  of  time,  having  charged 
the  condenser  by  pressing  down  the  lever  of  the  discharge  key 
(Tig.  80,  page  243),  we  should  depress  the  "  Insulate  "  trigger, 
which  would  take  the  battery  off  but  not  disoharge  the  con- 
denser :  then,  after  the  noted  interval  of  time,  we  should  depress 
the  "  Dis^charge  "  trigger,  which  would  allow  the  charge  remain- 
ing to  flow  out,  the  deflection  obtained  from  which  gives  us  o. 

337.  To  measure  the  capacity  of  a  cable  by  this  method,  the 
connections  would  have  to  be  tiose  given  in  Fig.  99,  page  289, 
and  the  way  of  making  the  test  would  he  the  same  as  has  just 
been  explained.  R  in  this  case  would  he  the  insulation  resistance 
of  the  cable,  which  in  this  and  "the  following  method  would  have 
to  be  determined  beforehand  in  the  manner  described  in. 
Chapter  XV.,  page  331,  Inasmuch  as  K  in  a  cable  ia  a  variable 
quantity  and  ia  dependent  upon  the  time  a  charge  is  kept  in  the 
cable,  a  mean  value  only  can  be  given  to  it,  and  therefore  this  andj^H 
the  following  test  can  only  give  the  value  of  F  approximately.  ^^M 

SiEMESS'   Loss  OF   ChARQE  DEfLEC?rlON   MliTHOD.  ^H 

338.  If  the  two  terminals  of  a  condenser  are  connected  by  a 
high  resiatance  in  the  circuit  of  which  a  galvanometer  is  placed, 
and  if  the  two  terminals  be  also  connected  to  a  battery,  then 
the  condenser  -will  become  charged  up,  and  the  permanent 
deflection  obtained  on  the  galvanometer  will  represent  the 
potential  of  the  charge.  If  now  the  battery  be  taken  oJ^  & 
current  will  flow  from  the  condenser  through  the  resistance 
and  the  galvanometer,  which  current  will  continually  decrease 
in  strength  as  the  condenser  empties  itself.  But  the  current 
flowing  at  any  particular  moment  will  be  represented  by  the 
deflection  obtained  at  that  maraent,  and  this  deflection  will  be 
the  same  as  that  which  would  be  obtained  if  the  condenser 
were  kept  continuously  charged  to  the  potential  it  had  at  that 
moment. 

The  deflection  obtained  therefore  on  the  galvanometer  when 
the  battery  is  connected  to  the  condenser  indicates  the  potentaal 
which  the  latter  has  when  fully  charged,  and  the  deflection 
fitter  any  interval  of  time  after  the  battery  has  been  taken  oS, 
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indicates  the  potential  of  the  charge  remaining ;  the  capacity 
therefore  is  given  by  the  forinnla. 

kF  =  ^-^-j,m.f.,  LA] 

2- 303  K  log  ^ 


''in  ■which  D  is  the  deflection  obtained  when  the  battery  is  on, 
and  d  the  deflection  obtained  after  T  seconds,  the  battery  being 
off  during  that  time.  E  ia  the  resistance  through  which  the 
charge  flows. 

It  may  be  remarked  that  the  deflection  obfained  when  the 
battery  is  on  is  not  afiected  by  the  presence  of  the  condenser ; 
it  would  be  the  same  whether  the  condenser  were  connected  up 
or  not. 

339.  The  connections  for  making  a  test  of  this  kind  would  be 
as  follows  i^Referrinu  to  Fig.  77,  page  240,  the  terminal  of  K„ 
which  is  connected  to  the  top  contact  of  Kj,  should  in  the  present 
case  be  connected  through  the  reeistaiice  R  to  terminal  A  of  the 
condenfier;  the  other  connections  remain  the  same. 

340.  In  the  case  of  a  oablo  where  the  flowing  out  of  the  charge 
takes  place  through  the  iriaulating  sheathing,  a  galvanometer 
cannot  be  put  in  the  circuit  of  the  flow.  To  enable  the  fall  of 
charge  to  bo  observed,  therefore,  a  high  resistance  in  circuit 
with  the  galvanometer  is  connected  to  the  cable,  and  through 
this  resistance  a  part  of  the  charge  passes.  As  it  ia  only  the 
rate  at  which  the  fall  takes  place  that  is  required,  it  is  quite 
HufBcieiit,  in  order  to  observe  this  fall,  that  a  part  only  of  the 
charge  be  allowed  to  flow  through  the  galvanometer. 

If  we  call  B,  the  insulation  resistance  of  the  cable,  and  B]  the 
resistance  connected  to  it,  then  the  total  resistance  through 
which  the  charge  flows  will  be 

R,  Ej 


quantity  must   be    substituted 

[nation  [A],  so  that  we  have 


t  The  resistance  Ej,  it  may  be  remarked,  includes  the  resistanca 
nlvanometer. 


\ 


HANDBOOK    OP    ELECTRICAL   TESTINO.  ■ 

the  first  teat,  it  is  necessary  that  Ej,  through  which  the 
discharge  has  to  pass,  he  sufficiently  great  to  prevent  the  flow 
from  being  too  rapid. 

For  example. 

A  cable  30  knots  in  length  being  connected  np,  for  makiog 
the  test  just  described,  with  a  galvanometer,  and  a  reaistance 
Bj,  of  4  megohms,  the  deflection  obtained  was  300  divieionB 
^D).  On  taking  off  the  battery  the  deflection  after  30  seconds 
(TJ  fell  to  100  divisions  (li) ;  the  moan  insulation  reBistance 
£,  of  the  cable  was  10  megohms.  What  was  the  electrostatio 
capacity  (F)  of  the  cable? 


F  =  2^^ =  9-55  m.f. 

?^=  ■  318  m.f.  per  knot. 


4 


341.  The  connections  for  making  this  test  would  be  as 
follows  :—Eef erring  to  Fig.  99,  page  289,  the  terminal  of  key 
Ki,  instead  of  being  connected  to  the  top  contact  of  the  discharge 
key,  would  in  the  present  case  l>e  couDected  to  the  cable  through 
the  resistance  Ej. 

342.  A  great  advantage  which  this  teat  possesses  over  the  first 
method  (page  289)  lies  in  the  fact  that  it  is  correct  either  for  long 
DT  short  cables.  Discharge  deflections  from  long  cables,  or 
cables  coiled  in  tanks,  do  not  correctly  represent  their  capacity, 
in  consequence  of  a  retardation  which  takes  place  in  them  and 
which  cauEes  the  deflection  of  the  galvanometer  needle  to  bttfl 
less  than  it  would  be  if  this  retardation  did  not  exist.  ^J"^ 
adopting  the  fall  of  deflection  plan  we  avoid  tliis  caune  of  erro^ 
but,  aa  we  pointed  out  at  the  conclnsion  of  the  last  t«st,  sinod 
El  can  only  have  a  mean  value,  the  value  of  F  obtained  &oBI 

I  the  formula  will  only  he  approsimato. 

Thomsok's  Method. 

843.  This  is  a  very  good  method,  and  it  can 
long  cables,  &o.,  with  very  accurate  results. 

The  following  is  its  principle; — 

If  we  have  two  condensers  containing  eqnal  charges  of  opposite 
potentials,  and  we  connect  the  two  together,  ihe  two  charges 
■will  combine  and  annul  one  aBother,and  if  we  then  connect  the 
two  oondensera,  so  joined,  to  a  galvanometer,  no  deflection  iriU 


^H  It  we  ti 

^^m  potential 
^^M  will  com1 
^^■iiTO  oond 
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3  charge  loft  in  either  of  the  two. 

ane  condenser  eioeede  that  in  the 
other,  then  the  ■union  of  the  two  condensers  will  not  entirely 
annul  their  charges,  but  an  amount  will  remain  equal  to  the 
difference  of  the  two  quantities.  Thia  quantity  will  (ieflect 
the  needle  if  the  joined  condeneerB  be  now  connected  to  the 
galvanometer,  the  deflection  being  to  ihe  right  or  left,  acco:  ding 
as  the  charge  in  the  one  or  other  of  the  condensers  had  the 
preponderance  in  the  first  instance. 

If  then  we  know  the  capacity  of  one  condenser,  and  we  so 
adjust  the  potentials  of  the  two  that  no  charge  remains  when 
they  are  juined  together,  we  can  determine  the  capacity  of  tho 
other  condenser. 

Let  Q,  and  Qa  be  the  charges  in  each  ;  then 
Qi:Q.  ::YiF,  :  V>F, 

where  F,  and  Pj  are  the  capstcitieB  of  the  two,  and  Vi  and  V,  the 
potentials  of  their  charges. 
When  Q,  =  Qj  then 


1 


344.  An  important  element  in  this  test  is  the  adjustment  of 
the  potentials  Vi  and  Vj.  Fig.  100  thewa  a  method  of  making 
the  test  when  it  is  a  oable  whose  capacity  has  to  be  measured. 
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Tlie  poles  of  the  battery  are  joined  together  by  two  resist- 
iiicea  R,  and  R,  connected  to  earth  ae  shown.  Then  the  poten- 
tials at  the  points  of  junction  of  the  battery  with  the  TesiEtaucea 
■will  be  in  the  proportion 

V,  :  V. : :  E, :  E, ;  • 
and  since 


rF.. 


"  E, 


I 

irst  adr^H 
^  to  P„^ 


I 


345.  In  making  the  test  practically,  B,  and  E,  are  first  adr^ 
'  justed  as  nearly  as  can  be  guessed  in  the  proportion  of  F[  to  P, 

keys  k,  and  k,  are  then  depressed  by  means  of  the  knob  K 
this  charges  the  cable  and  condenser. 

K  is  now  released  bo  as  to  allow  k,  and  t^  to  come  in 
contact  with  their  upper  stops;  as  the  two  latter  are  joined 
together,  the   cable  and  condenser  become  connected  to   each 

Key  ft  is  now  pressed,  which  allows  any  charge  which  may 
remain  uncancelled  to  be  discharged  through  the  galvanoraetOT 
G.     If  no  deflection  is  produced,  then  E,  and  E,  are  correct! 
adjusted,  but  if  not  they  must  be  readjusted  until  no  dischar] 
is  obtained ;  F,  is  then  calculated  from  the  formula. 

For  eicample, 

A  cable  500  knots  long  was  joined  up  with  a  condenser  c 
microfarads  capacity,  and  with  resistance  coils,  according  1^ 
Thomson's  method  of  measuring  electrostatic  capacities.     WhM. 
E,  and  E,  were  adjusted  to  500  and  4400  ohms  respectively,  mym 
chaise  remained  in  the  cable  and  condenser  when  the  two  v 
connected  together.     "What  was  the  capacity  of  the  cable  ? 

^7w7  =  "362  m.f.  per  knot. 

346.  Fig  101  shows  a  very  convenient  form  of  key,  designej 
by  Mr.  Lambert,  which  enables  the  test  to  be  made  with  th" 
greatest  facility.     By  pushing  forward  key  button  K  the  tw 
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keys  k„  k,  (Fig.  100)  are  depressed,  so  that  F,  and  Fa  become 
charged,  and  upon  drawing  K  back,  k,  and  *„  are  allowed  to 
rise,  thus  causing  the  ohargea  to  mix  ;  finally  by  depressing  i  the 
galvanometer  is  brought  into  circuit. 

347.  If  it  were  the  capacity  of  a  condenser  which  was  to  be 
measured,  then  the   coancetions  would  be  similar  to  those  in 

Fig.  101. 


Fig.  ItO         I    tl  I  t  points  there  put  to  earth 

would  in  the  1  roBcut  Ldsu  b.  (.onncctLd  to  the  second  terminal 
of  the  condenser. 

The  resistances  E,  and  K,  may  be  formed  of  a  slide  resistance, 
the  slider  being  to  earth  in  the  case  of  a  cable  test,  or  connected 
to  the  second  terminal  of  the  condenter  in  the  case  of  a  condenser 
test. 

348.  As  in  the  "  Direct  deflection  method  "  (page  288),  the  test 

can  be  considerably  simplified  if  we  make  -^  -(equation  [A]) 

a  suhmiiltiple  of  10,  for  then  the  value  of  E^  read  ofi'  from  the 
resistance  box  will  at  once  give  the  value  of  F,,  Thus  if  F, 
were  a  condenser  of,  say,  -5  of  amicrofarad,  and  if  E,  were  5000 
ohms,  then  the  capacity  of  F,  can  be  read  off  directly  from  E,  to 
four  places  of  decimals. 

349.  When  a  long  cable  has  to  be  tested  by  this  method  Mr.  A, 
Jamieson  recommends'  that  K  be  depressed  for  five  minutes  to 
charge,  and  then  raised  for  tan  seconds  for  mixing  previous  to 
depressing  k.  It  is  also  advisable  to  take  the  mean  of  several 
teste  made  alternately  with  zinc  to  line  and  copper  to  line. 

350.  With  regard  to  the  "Best  conditions  for  making  tho 
test "  it  ie  advisable  that  the  capacity  of  tbo  condenser  Fj  be 

•  BwJdna'B '  UhIU  Boles  wd  Tables,'  page  318. 


r 
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as  nearly  equal  to  T,  as  poesible,  ao  tliat  the  potentials  to  which 
the  two  have  to  be  charged  may  not  differ  to  any  very  great 
extent.  For  if  a  long  cable  has  to  bo  tested,  then  inasmuch  as 
the  latter  would  have  to  bo  charged  to  a  potential  of  at  least 
5  Danielle  so  as  to  swamp,  as  it  were,  any  local  charge,  the 
potential  to  which  the  condenser  (if  small)  would  have  to  be 
charged  would  be  very  great ;  this  would  be  liable  to  canee  an 
error,  from  the  fact  that  with  a  very  high  potential  a  certain 
amount  of  the  charge  becumea  absorbed,  and  thia  charge 
would  cause  a  deflection  of  the  galvanometer  needle  over  and 
ahove  that  due  to  the  simple  inequality  between  the  actual  free 
quantities  in  tbe  two  capacities.  This  abnormal  deflection 
might  of  course  be  mistaken  as  being  due  to  an  incorrect 
adjustment  of  Ki  and  E,.  If  F,  is  about  a  fifth  of  F,  it  will 
not  be  too  small  for  the  purpose  of  the  test. 

The  values  given  to  Ei  and  B,  should  be  as  high  as  possible  so 
that  their  mnge  of  adjustment  may  be  sufficiently  wide.  The 
battery  power  should  be  sufficiently  high  to  enable  a  perceptible 
discharge  deflection  to  be  obtained  when  Ri  (the  larger  of  the 
two  resistances)  is  1  nnit  out  of  exact  adjustment;  this  Ib  beat 
determined  by  experiment. 

We  have  therefore 

Best  Conditions  for  makiiig  the  Test. 

351.  Make  Fj  as  nearly  equal  to  F,  as  possible. 
Make  R,  and  £3  aa  high  aa  possible. 

Po$sible  Degree  0/  Aecwaey  attainable. 

J^ercentage  01  accuracy  =  -=r-  - 

Gott's  Met b on.* 

352.  Thia  method,  devised  by  Mr.  J.  Qott,  is  shown  by  Fig. 
102 ;  it  ia  executed  as  follows  : — 

The  key  E  is  first  depressed  and  clamped  down  ;  this  causes 
both  the  cable  and  condenaer  to  become  charged,  since  they  are 
oonneoted  together  in  "  cascade."  E,  or  Rj  is  now  adjusted 
until  it  is  fouud  that  on  the  depression  of  key  k  no  deflection  of 
the  galvanometer  G  is  produced.     When  this  is  the  case  then.^_ 

F, :  F, : :  B, :  R^  H 

*  'Jonnialof  thti  BuBJety  of  iBlegMpb  Xi^ueeie,'  Vol.  X.,  p,  278.    ^B 
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!t  U  obvioua  that  w&  muBthaTe 

Beat  OoTtdilions  for  making  the  Tett. 
i53.  Make  F,  as  nearly  equal  to  F,  aa  possible, 
"ike  Bi  and  B,  as  high  as  poesLble. 

PosiibU  Degree  of  Accuracy  allamable. 

100 

e  of  accuracy  =  _-, 


Divided  Charge  Metkod. 

354.  If  a  charged  conileiiBer  baa  its  two  terminals  conneote 

the  two  terminals  of  a  second  condenser  which  contains  no  obarge, 
then  the  charge  will  beaome  diatribated  over  the  two  ;  and  if 
the  condensera  be  then  separated,  the  quantities  held  by  them 
will  be  directly  proportional  to  their  respective  oapacitiea. 
Thus,  if  Qj  be  the  charge  contained  in  a  condenser  whose 
jacity  ia  F„  then  if  it  is  connected  to  a  condenser  or  cable 
pae  capacity  is  Pi,  the  quantity  Q  which  will  remain  in  Fj 


■Q.sr 


F, 
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From  this  we  get 

If  therefore  Q,  be  the  discharge  obtained  from  a  condenser  Ft 
when  fall,  and  Q  the  discharge  obtained  from  it  when,  after 
being  charged  from  the  same  battery,  it  is  connected  for  a  few 
seconds  to  Fi,  then  the  capacity  of  Fi  is  given  by  the  above 
formula. 

For  example. 

A  condenser  of  J  microfarad  capacity  (Fg),  when  fully  charged, 
gave  a  discharge  of  300  (Qj).  After  being  recharged  and  con- 
nected a  few  seconds  to  a  piece  of  cabl6  whose  capacity  Fj 
was  required,  the  quantity  of  charge  remaining  gave  a  discharge 
of  140  (Q).     What  was  the  capacity  of  the  piece  of  cable  ? 

300  -  140 
140 


F,  =  i  X  ^^^^— = -381  m.f. 


355.  The  capacity  which  the  condenser  Fg  should  have  in 
order  that  the  test  may  be  made  as  accurately  as  possible,  may 
be  thus  arrived  at : — 

Let  there  be  an  error  X  in  Fi  caused  by  an  error  —  8  in  Q 
and  a  -f~  S  error  in  Qs,  so  that  X  is  as  great  as  possible ;  we  then 
have 

F  ^X-F  Q2+^-(Q-g)  -F    Q2--Q  +  28, 
±,  +  A-±. Q^S '  "** Q-8        ' 

bnt  we  know  that 

F^  =  F,Q'~Q,  or,  F,  =  F,       ^     ; 
Q  Q«-Q 

therefore 

Q,-Q  Q-8       ' 

that  ifi, 

<Q.-Q         Q-8  J         (Q2-Q)(Q-8)' 

or,  since  8  is  a  very  small  quantity,  we  may  say 
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We  have  then  to  find  the  value  of  Q  which  makes  X  ae  small 

Now 


and  to  make  the  latter  expression  as  small  as  possihlo  we  must 


s  small  as  possible ;  that  is  to  say,  we  must  make 

i_  QZi  =  o, 


Q^2 


=  1; 


QV"2=Q, -Q, 

Q{^2+1)  =  Q, 


^2H 


2-4142" 

It  was  pointed  out,  however,  in  a  similar  investigation  which 
we  made  in  (§  94,  page  84),  that  practically  we  may  say,  make — 


or,  in  other  words,  the  capacity  of  F,  should  be  such  that  when 
it  is  connected  to  T,  it  should  lose  two-thirds  of  its  charge.  This 


a  obtained,  of  ci 


I,  by  making  F^  eqaal  i^ 


356,  The  connections  for  the  practical  execution  of  the  test 
^ould  be  very  similar  to  those  shown  in  Fig.  77,  page  240,  but 
the  condenser  or  cable  under  trial  would  be  substituted  in  the 
place  of  tho  battery.  When  it  is  a  cablo  whose  capacity  is  being 
meaenred,  then  terminal  B  would  be  put  to  earth,  and  the  wire 
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aovetl.    i'lJH 
"  Insulate  "^J 


303 

shown  ae  leading  from  B  to  the  battery  would  be  remoTed. 
teat  would  then  be  made  in  the  following  manner  : 

Key  K,  being  pressed  down  so  as  to  hitcb  on  the 
trigger  (Fig-  80,  page  242),  the  condenser  0  would  be  eiiai^ed  ' 
hy  touching  the  terminals  A  a,nd  B  with  the  wires  from  the  two 
poles  of  the  battery.  The  "  Discharge  "  trigger  of  the  key  then 
Deing  depressed,  the  discharge  Q,  is  noted.  The  key  then 
being  again  placed  at  "  Ins-ulate,"  and  the  condenser  again 
charged  up  by  the  battery,  the  key  would  be  pressed  down  on 
to  its  bottom  contact ;  this  puta  the  condenser  C  in  connection 
with  the  trial  condenser  or  cable.  The  ''  Discharge "  irigger 
then  being  pressed,  the  discha.rge  Q  is  noted. 

The  "  Divided  Charge  "  method,  like  that  of  Thomson  or  Gott, 
is  very  accurate  when  employed  for  measuring  the  capacity  of 
long  cables,  or  short  cables  coiled  in  tanks, 

Besl  CojidilioTit  far  Toakmg  the  Teat. 

357.  Make  F^  as  nearly  equal  to  -^  as  possible. 

Possible  Degree  of  Accuracy  attaittable. 
From  equation  [A]  (page  304)  it  follows  that 

10Q(Q,  +  Q)8 
"  F,  (Q.  -  Q)  Q' 

where  8  is  the  fraction  of  a  division  to  which  each  of  the  deS«j 
tions  Q  and  Q,  can  be  read. 

358.  By  a  modification  of  the  foregoing  method,  due  to  DrJ 
Siemens,   &  comparatively  small   condenser   may  be  used   fi 
measuring  the  capacity  of  long  cables,  or  of  condensers  oE  hlg 
capacity.     It  may  be  called 

Siemens'  Duh.vished  Chargr  Method. 

If  WB  connect  a  condeuser  to  a  charged  cable,  tlie  latter  lose^ 
the  amount  which  the  condeuser  takes  up,  and  if  the  condenser 
be  discharged  and  then  again  connected  to  the  cable,  and  again 
discharged,  and  this  process  be  repeated  several  times,  the  quan- 
tity in  the  cable  can  be  definitely  diminished  as  much  as  we  lik ' 
The  quantity  removed  each  time,  however,  is  not  the  t 
but  becomes  less  and  less  after  each  discharge. 

Let  Qj  be  the  quantity  contained  in  the  condenser,  and  Q,  ( 
quantity  contained  in  the  cafcle,  when  the  two  a        ' 
from  the  same  battery.     Then 

Q,  :  (i,  : :  F,  :  F„ 


Percentage  of  accuracy  = 
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Q,  =  Q-p-;- 

Supposing  now  the  cable  to  be  completely  charged,  and  the 
batt«ry  taken  off,  and  the  condenser  to  be  empty,  then,  on  con- 
necting the  condenser  to  the  cable,  the  charge  the  former  will 
take  will  be 

F,  F,  Fj  P, 

•^'FT+P,  "  "^F,  ^  F,  -l-F,  =  *^F, +  F,' 

whilst  the  quantity  remaining  in  the  cablo  will  be 

*^'Fi+  F/ 

On  disohargiog  the  condenser  and  connecting  it  a  seco-tid  time 
to  the  cable,  the  charge  it  will  take  will  be 

k  ^1  F^       _  o  !^  F|  F,       ^ 

^'Fi  +  Fj  '^Fi  +  Fa"  ^''F^^  F,  H-F^'^F. +  F, 


«-(f:tf.'/-' 


conseqnently,  after  the  nth  application,  the  charge  Q  it  will 
take  will  be 


=  «-(^.)" 


^Pac( 


example. 
A  condenser  of  I'O  microfarad  capacity  (Fj),  when  full,  gave 
a  discharge  equal  to  300  (Q^),     A  cable  whose  capacity  was  re- 
quired was  charged  from  the  same  battery  which  was  employed 
to  charge  the  condenser.     The  latter  waa  then  alternately  con- 
ited  to  the  cable,  removed  and  discharged  16  times  (n); 


r 

■ 
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the  sixteenth 
equal  to  83  (Q). 


the  dificharge  was  noted,  and  it  was  foi 
What  was  the  capacity  of  the  cable " 


359.  In  order  to  make  this  teat  as  accurately  as  poBsiblewhen 
it  is  applied  to  a  cable,  the  repeated  charges  and  discharges 
must  be  made  with  as  little  loss  of  time  as  possible,  as  during 
that  time  a  leakage  of  the  charge  will  be  going  on  through  the 
insulating  sheathing  of  the  cable ;  the  accuracy  of  the  teut 
depends  upoathis  leakage  being  nothing,  or  at  least  very  small. 

360.  The  oonnectionB  for  making  the  teet  would  be  similar  to 
those  employed  in  the  foregoing  one,  and  the  practical  execution 
would  be  the  same  with  the  exception  that  the  trial  condenser 
or  cable,  and  not  the  Btaudard  condenser,  would  be  charged 
from  the  battery,  and  in  taking  the  repeated  discharges  the 
galvanometer  would  have  to  be  short  oirouited. 

Seii  Conditions  for  makirtg  Ihe  Te»t. 

■5552372 
3G1.  Make  a  eqnal  to „        „    ,  approximately.* 


■we  must  determine  (  ^  ) '  »«  aceiiraUily  aa  poaaible. 

Let  (^V  eqnal  -  ,  and  let  there  be  a  amall  plm  eiror  t  in  Q,,  aufl 
amall  mtoua  eaot  t  in  Q,  and  let  there  be  a  correBponding  ei 


'    Vii  +  i^ 


r 
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Possible  Degree  of  Accuracy  attainable. 

F  accuracy  =  ^<Q'  +  ?Q'"r' 100, 


where  8  is  the  fraction  of  a  division  to  which  eaoh  of  the  deflec- 
tions Q  and  Q,  can  be  read. 


I 


^.=(-cTT-)-'='[\^)-4 

le  8  is  very  email,  we  get 

Qr"-„-^Q,''"'-Q,'"-^Q,' 


re  murt  make  - 


-,[-«*-"Iog,*-(i-"  +  l}]  = 

nlog,  *  +  :  +k-  =  0, 

log,  4"  +  l-fi-  =  0, 

logA"  +  {l  +*')  ■4343  =  0. 

uatian  ai 

Dtil  one  : 

B  muke  t*  equal  to  -2T846  the  eqiutioii  will  I 

log  -27846  =  i-1417628  =  -  -555^372 
(1  +  -27846}  -4343  =  -5552352. 


©-' 
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362.  It  may  be  Remarked  that  when  a  cable  is  tested  for 
electrostatic  capacity  at  the  factory,  it  is  immaterial  whether 
the  test  be  made  by  charging  the  cable  positively  or  negatively ; 
but  in  the  case  where  the  cable  is  laid,  it  is  advisable  to  make 
two  tests  (or  sets  of  tests),  one  with  a  positive  and  the  other 
with  a  negative  charge,  and  to  take  the  arithmetic  mean  of  the 
two  results.  It  is  rarely,  however,  that  the  two  latter  dififer  to 
any  material  extent. 


hence 

log  -27846    -  -5552372     -5552372 


n  = 


JPbr  example. 

It  being  required  to  measure  the  exact  electrostatic  capacity  of  a  cable 
whose  capacity  was  12  microfarads  (F|)  approximately,  a  conaeuser  of  1  micro- 
farad (F,)  was  used  for  the  purpose.  How  many  times  (n)  should  the  con- 
denser be  applied  to  the  cable  in  order  that  the  test  may  be  made  with  the 
greatest  chance  of  obtaining  an  accurate  result  ? 

_       -5552372      __  -5552372 
**  ~  log  (i^^ti")  "  '0347622  ~      " 


Fia  103, 


THE  THOMSON  QUADRANT  ELECTROMETER. 

■  This   is  a  moat  valuable  and    tueful    instrument   for 
'  accurately  measuriBg  potentials. 

BESORIFTIOfr, 

Pig,  104  (page  312)  gives  a  general  view  of  the  instmment. 

In  the  small  figure  to  tlie  right,  n  n  ia  a  thin  needle  of  Bheet 
aluminium,  shaped  like  a  double  oanoe-paddle.  It  is  rigidly 
fixed  at  its  centre  to  an  axis  of  stiff  platinum  wire  k  (Fig.  103), 
in  a  plane  perpendicular  to  it.  At  the  top  end  of 
the  wire  a  small  croBs-pieoe  i  is  fixed,  to  the  ex- 
tremities of  which  single  cocoon  fibres  are  attached. 
These  fibres  are  fixed  to  small  screws  e  and  d,  by 
the  turning  of  which  the  length  of  the  former  can 
be  altered.  The  small  screws  a  and  b  enable  the 
screws  c  and  d  to  be  Khifted  either  to  the  right  or 
left.  Finally,  by  turning  e,  the  screws  a  and  b  can 
be  parted  more  or  less,  thereby  separating  the 
threads  of  suspension,  and  rendering  the  tendency 
of  the  needle  to  lie  in  ita  normal  position  more  or 
less  powerful. 

A  little  below  the  cross-piece  i  is  fixed  the  mirror 
m,  whose  movements  are  reflected  on  a  scale,  as  in 
a  Thomson  galvanometer  (page  31).  The  platinum 
wire  below  the  mirror  passes  through  a  gaard  tube  ( 
(Fig.  104),  to  prevent  any  great  latei-al  deviation  of  the  noodle 
and  its  appendages,  which  might  cause  damage  should  the 
instrument  receive  any  rongli  uaaage.  The  guard  tube  itself  is 
fixed  to  the  framework  from  which  the  needle  is  suspended. 

It  will  he  seen  in  the  fi^re  that  the  needle  is  suspended, 
apparently,  beneath  four  quadrants  (5),  A,  B,  C,  and  D.  There 
are,  however,  four  quadrants  also  below  the  needle,  united  to 
the  top  ones  at  their  circiimferenceH,  The  arrangement  is  in 
fact  a  round,  flat,  shallow  bos,  out  into  four  segments. 

The  alternate  segments  are  connected  together  by  wires 
a  shown  in  the  figure. 
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Now,  if  the  needle  is  electrified  and  the  quadrants  are  in 
their  normal  unelectrified  condition,  and  aio  placed  eym- 
metrically  with  reference  to  it,  no  effect  will  be  produced  on 
the  needle.  That  is  to  say,  the  spot  of  light  on  the  scale  -will  | 
be  stationary  exactly  at  the  centre  lino. 


But  if  the  qnadrant  D,  and  conBequontly  A,  be  electrified, 
then  an  attraction  or  repulBion  will  be  exerted  on  the  needle, 
causing  it  to  turn  through  an  angle  proportional  to  the  potential 
of  the  electricity. 

As  the  angular  moTementB  are  -very  small,  the  number  of 
divisions  of  deflection  on  the  scale  will  directly  represent  the 
degree  of  potential  which  the  quadrants  possMB. 
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Wo  can  also  connect  another  electrified  body  to  C  and  B ; 
the  needle  will  then  moTe  under  the  influence  of  both  forces. 

To  render  the  instrument  of  practical  value,  Beveral  cion- 
ditio&s  muBt  be  aegured. 

Let  us  suppose  the  needle  to  be  electrified. 

We  stated  that,  at  atarting,  the  ray  of  light  should  point  to 
the  centre  lino  on  the  scale.  To  ensure  this,  the  quadrants 
must  be  aymmetrically  placed.  This  can  be  roughly  done  by 
hand,  as  means  are  provided  for  enabiing  the  quadrants  to  slide 
backwards  or  forwards,  and  to  be  fixed  by  means  of  small 
screws,  shown  in  the  large  figure.  For  obtaining  the  final 
position,  one  of  the  quadrants  (B)  is  provided  with  a  micro- 
meter screw  (g),  which  enables  a  fine  adjustment  to  be  given 
to  it. 

We  must  also  have  means  of  keeping  the  needle  at  one 
uniform  potential  for  a  considerable  time. 

The  needle  itself  could  only  contain  a  very  small  amount  of 
electricity,  and  a  slight  escape  of  this  woiild  seriously  lower 
the  potential,  and  make  comparative  measurements  useless ;  for 
it  is  evident  that  the  whole  principle  of  the  instrument  depends 
upon  the  potential  of  the  needle  remaining  constant  during  the 
time  a  set  of  experiments  are  being  made. 

To  get  over  this  difficulty  a  large  glass  jar,  like  an  inverted 
shade,  is  provided,  partially  coated  with  strips  of  tin-foil  (/) 
outside.  Inside  the  jar,  to  about  a  third  of  its  height,  strong 
sulpburic  acid  is  placed.  This  answers  a  threefold  purpose. 
It  enables  the  air  inside  it  to  be  kept  quite  dry,  thereby  very 
perfectly  keeping  those  parts  insulated  which  require  to  be  so ; 
secondly,  it  holds  a  charge  of  electricity  (acting  a«  the  inner 
coating  of  the  jar) ;  and  thirdly,  it  allows  the  charge  to  be 
communicated  to  the  needle  without  impeding  its  movements. 
This  latter  is  effected  by  means  of  a  fine  platinum  wire,  which 
is  attached  to  the  lower  end  of  the  thick  wire  which  supports 
the  needle  and  mirror. 

The  fine  wire  dips  into  the  acid,  whose  charge  is  thereby 
communicated  to  the  needle. 

To  keep  this  wire  from  curling  up  out  of  the  acid,  and  also  to 
steady  the  movements  of  the  needle,  a  small  plummet  of  plati- 
num is  attached  to  the  end  of  the  wire,  as  will  be  seen  in  the 
figure. 

A  thick  platinum  wire,  fixed  to  the  lower  extremity  of  the 

guard  tube  t,  and  reaching  nearly  to  the  bottom  of  the  jar,  is  for 

the  purpose  of  enabling  the  latter  to  be  charged,  in  a  manner  to 

be  explained. 

^^So  far,  the  jar  answers  the  purpose  of  keeping  the  needle 


r 
■ 
I 

I 
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BUpplied  with  electricit}' ;  but  althongli  this  may  prevent  t 
potential  from  fdlling  very  rapidly,  it  will  act  prevdut  ite  doiu 
Bu  entiiely. 

The  Repleaiaker. 
364.  As  the  inetniment  ia  extremely  senaitive  to  very  n 


I  are  requisite  hy  which  e 
iupplied  without  there   beiog    i 


0ha,ng68  of  potential, 
amall   loss  can   be  easily  t 
fear  of  putting  in  too  mueh. 

This  is  effected  by  means  of  the  "  replenUher,"  whose  principle] 
we  can  explain   by  the  help  of  the  small  cut  to  the  left, 
Fig.  104. 

A  and  B  are  two  curved  metal  ahields,  one  of  which  (say  i 
is  connected  to  the  acid  in  the  jar  and  the  other,  B,  to  H 
framework  of  the  instrument,  and  through  it  to  the  foil  outsid 

b  and  b  are  two  metal  winge  insulated  from  one  another  by 
email  bar  of  ebonite,  which  is  centred  at  s,  so  that  it  turns 
plane  represented  by  the  paper.     The  spindle  is  represented 
the  largo  figure  by  »,  other  parts  being  omitted  for  Himplioitj'. 

It  will  be  observed  that  the  wings  curve  outwards.  This  is 
done  in  order  that  they  may  make  a  short  contact  in  their 
revolution  with  springs  c  c  and  a  e.  c  and 
together  permanently,  but  are  insulated  from  the  rest  of 
apparatus,  e  and  e  are  connected  to  the  shields  A  and 
respectively, 

Now  let  us  suppose  the  wings  to  be  rotated  in  the  revei 
direction  to  that  in  which  the  hands  of  a  watch  turn. 

As  soon  as  the  left-hand  wing  comes  in  contact  with 
spring  c  at  the  lower  part  of  the  figure,  the  right-hand 
comes  in  contact  with  the  oth«r  spring.     The  two  wings  ^ 

thus  connected  together,  and  under  the  influence  of  the  shields, 
the  electricity  in  A,  which  we  will  call  positive,  draws  negative 
electricity  to  the  wing  close  to  it,  and  drives  the  positi" 
other  wing. 

On  being  rotated  a  little  farther  the  wings  clear  the  sprinj 
and  being  thus  diaconnected,  each  retains  its  charge. 

Continuing  the  rotation,  tho  right-hand  wing,  which  had  thfl 
positive  charge  communicated  to  it,  comes  in  contact  with  the 
spring  of  shield  A,  and  the  charge  is  communicated  to  tho  jar, 
the  negative  electricity  in  like  manner  on  the  other  wing 
Tunning  to  the  outer  coating  of  the  jar.  The  shields  are  now 
in  a  neutral  condition,  as  at  first,  and  on  continuing  the  rotation 
the  process  is  repeated. 

Thus  eveiy  turn  mgreaBeB.tihe  pote.ntial  of  the  charge  in  the 
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jar,  and  by  continuing  the  rotation  we  can  augment  this  as 

By  revorsing  the  motion  we  can  diminiBh  the  charge,  if  we 
require  to  do  bo. 

The  aKiB  of  the  leplenisher  projects  above  the  main  cover, 
and  is  easily  turned  by  the  finger. 

Tlic  Gattge. 

365.  But  we  still  require  some  arrangement  by  which  we  can 
aee  whether  we  have  kept  the  potential  constant.  This  is  done 
by  means  of  a  small  "gauge." 

The  gauge  consiats  of  two  metallic  discs  ha-ring  their  planes 
parallel  and  close  to  each  other.  The  lower  of  these  planes, 
which  will  be  seen  dotted  at  the  upper  part  of  the  figure,  is  in 
electrical  connection  with  the  aeid  of  the  jar  from  which  it 
takes  its  potontial.  The  upper  disc  is  perforated  with  a  square 
hole  immediately  over  the  centre  of  the  lower  disc. 

A  light  piece  of  aluminium,  sha-ped  like  a  spade,  has  the  part 
corresponding  to  the  blade  fitting  in  this  square  hole.  At  the 
point  where  the  handle  would  be  joined  to  the  blade  this  spade 
is  hinged,  by  having  a  tense  platinum  wire  fixed  to  it,  which  runs 
at  right  angles  on  each  side  of  the  handle  and  blade,  and  lies 
in  the  same  plane  aa  the  latter. 

When  the  lower  plate  is  electrified,  it  would  attract  the  blade, 
thereby  raising  the  end  of  the  handle.  So  that  if  we  notice 
the  position  of  the  end  of  the  handle  with  respect  to  a  mark, 
and  see  that  it  moves  above  or  below  it,  we  know  that  the  elec- 
tricity of  the  lower  plate  is  either  overcoming  the  tendency 
of  the  light  platinum  wire  to  keep  it  up,  or  is  anable  to  do  so. 

If  then  we  charge  our  jar  to  such  a  potential  that  the  handle 
is  situated  close  to  the  mark,  and  we  keep  it  so,  we  know  that 
the  potential  of  the  jar  is  conBtant.  When  we  notice  the 
handle  sinking  below  the  mark,  we  know  that  the  potential  of 
the  electricity  in  the  jar  is  falling ;  but  a  few  turns  of  the 
replenisher  will  bring  it  up  again. 

In  the  actual  arrangement,  the  rung  of  the  handle  is  formed 
of  &  fine  black  hair. 

Inside  the  handle  there  rises  a  small  pillar,  with  two  black 
dots  on  it.  The  sign  of  division  -f-  represents  this,  the  line 
being  the  hair  which,  by  the  movement  of  the  spade  blade, 
rises  above  or  below  the  two  dots,  which  of  course  would  be 
almost  quite  close  together. 

To  enable  the  hair  and  spots  to  be  seen  distinctly,  a  piano- 
LTOX  lens  is  placed  a  little  distance  off.    Care  lonet  ti 
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in  order  to  avoid  parallax   error,  to  keep  the  line  of  sight 
normal  to  the  centre  of  the  lene. 

We  apoke  of  the  lower  disc,  which  beoomea  electrified  by  the 
jar,  and  which  acts  on  the  epade  blade,  Kow  it  is  evident  that 
if  the  diBtanoe  between  the  plates  be  always  the  same,  and  the 
elasticity  of  the  platinmu  axial  wire  be  also  the  same,  to  get 
the  hair  between  the  two  spots  is  to  obtain  the  jar  at  a 
particular  fixed  potential. 

But  we  may  require  to  get  this  potential,  although  the 
same  whilst  a  certain  set  of  experiments  are  being  mtide,  yet 
different  for  different  series  of  experiments.  This  is  provided.^ 
for  by  enabling  the  lower  disc  to  be  lowered  by  Bcrewing  it  roi 

The  Indtiction  Plate. 
366.  To  enable  high  potentials  to  be  measnred,  an  "indue 
j^ale "  is  added.  It  consists  of  a  thin  brass  plate,  smaller  in 
area  than  the  top  of  the  quadrant  beneath  it,  and  supported 
&om  the  main  cover  by  a  glass  stem.  It  is  provided  with  an 
insulated  terminal  I.  The  nse  of  the  plate  will  be  explainer 
later  on. 

SG7.  A  flat  braes  plate  covera  the  mouth  of  the  jar,  and  S 
secured  to  it  so  as  to  be  air-tight  and  prevent  the  entrance  o 
moisture. 

A  kind  of  lantern  rises  from  the  middle,  which  covers  the 
mirror  and  its  suspending  arrangements,  and  above  this  a  box 
with  a  glass  lid  protects  the  gauge. 

The  front  of  the  lantern  is  of  glass,  which  allows  the  ray  of 
light  to  fall  on  the  mirror  and  be  reflected  back  on  the  scale. 

Terminal  rods  or  electrodes,  in  connection  with  each  set  of 
quadrants,  pats  through  ebonite  columns  to  the  outside  of  the 
case,  and  have  terminals  attached  to  them.  These  electrodes 
can  be  pulled  up   and    disconnected  from   the    quadrants   if 
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A  charging  rod  (seen  in  Fig.  104  to  the  left  of  the  left-hand 
quadrant  terminal)  also  is  provided,  which  can  be  turned  round 
on  its  axis.  It  has  at  its  lower  end  a  small  spring,  fixed  at 
right  angles  to  it.  By  turning  this  terminal  rod  round,  the 
spring  can  be  brought  in  contact  with  the  framework  from 
which  the  needle  is  suspended,  and  thereby,  through  the  medium 
of  the  guard  tube  and  the  platinum  wire  attached  to  it,  the  acid 
in  the  jar  can  be  charged,  "When  this  is  done,  the  spring  is 
moved  away,  so  that  no  accidental  leakage  can  take  place 
through  it. 

yarious  insolatine  snpp^ts  are  ^To;nded  inside  the  jar  a^l 
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lantern.    Onoaopports  the  guard  lubes  and  the  adjusting  screws 
of  the  needle ;  others  support  the  g[uadrunts. 

The  whole  arrangement  is  supported  by  a  kind  of  tripod  on 
a  metal  base,  to  keep  it  steady.  There  are  also  levelling  sorews, 
and  a  level    on    the    brass    cover,    to  p      i  r 

enable  the  instrument  to   be   properly  ■     ''■ 

levelled,  so  that  the  axis  of  the  needle 
may  awing  clear  of  the  guard  tube. 

H  is  a  screw-cap  pod  opening  through 
which  acid  can  be  introduoed  into  the 
glass  jar. 

Severging  Key. 

S68.  Fig.  105  represents  a  reversing 
key  which  ia  specially  adapted  for  use 
with  the  instrument. 

To  SET  UP  THE  Electrometer. 

369.  In  setting  up  the  instramont  for  use  the  following 
instructions  •  should  be  followed : — 

The  cover  being  unscrewed  and  lifted  off  and  supported  about 
18  inches  above  the  table,  it  will  be  observed  that  the  stiff 
platinum  wire  to  which  the  needle  is  attached  just  appears 
below  the  narrow  guard  tube  enclosing  it  ia  the  centre  of  the 
quadrants,  and  termiaatee  in  a  small  hook.  The  loop  at  the  end 
of  the  fine  platinum  wire  ia  to  be  slipped  over  this  hook,  so  that 
the  fine  wire  and  plummet  may  hang  from  it.  The  wide  guard 
tube,  when  in  its  proper  poaition,  forma  a  continuation  of  the 
upper  guard  tube,  so  as  to  enclose  the  fine  platinum  wire  juat 
suspended.  It  must  therefore  be  passed  upwards  over  the 
suspended  wire,  and  neck  foremost,  until  the  neck  embraces  the 
lower  part  of  the  upper  guard  tu"be,  where  it  must  he  fixed  by 
the  screw  pin  provided  for  the  purpose;  this  pin  is  screwed 
in  by  means  of  one  of  the  squara-pointed  keys,  supplied  with 
the  instrument,  fitting  the  square  hole  in  its  head.  This  being 
done,  replace  and  fasten  the  cover,  place  the  instrument  on  a 
shoot  of  ebonite  or  block  of  paraffin  wai  so  as  to  insulate  it, 
and  level  up  by  means  of  the  circular  spirit  level  on  the  cover. 

Next  unscrew  and  lift  off  the  lantern  and,  if  necessary,  adjust 
the  four  quadrants  so  that  they  hang  properly  in  their  places, 
with  their  upper  surfaces  in  one  horizontal  plane.  The  needle 
and  mirror  which  have  been  secured  during  transit  by  a  pin 
passing  through  the  ring  in  the  platinum  wire  just  above  the 
^^  *  From  iDatructioDB  drBwu  up  l>;  the  late  Hr.  W.  Leitoh. 
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guard  tnbe,  and  screwed  into  the  braBS  plate  behind,  must  now 
be  released  by  ucBcrcwiDg  thie  pin  with  the  long  steel  equara- 
pointed  key,  and  placing  it  in  the  hole  made  for  it  in  the  cover 
jnst  behind  the  main  glaBB  etem  to  prevent  its  being  lost.  T""" 
needle  will  now  hang  by  tbe  fibres. 

The  two  quadrants  in  front  of  the  mirror  should  now 
drawn  outwards  from  the  centre  as  far  ae  the  slots  allo'w, 
eliding  outwards  the  sciews  from  which  they  hang,  and  whit 
project  above  the  cover  of  the  jar  with  their  nuts  resting  upon 
flat  oblong  washers ;  a  better  view  will  thus  be  obtained  of  the 
needle.  The  surfaoes  of  the  latter  ought  to  be  parallel  to  the 
upper  and  under  surfaces  of  the  quadrants,  and  midway  between 
them.  This  will  be  best  observed  by  looking  through  the 
glass  of  ihe  jar  just  below  tbe  rim.  If  the  needle  requires  to  be 
raised  or  lowered,  it  is  done  by  winding  up  or  letting  down  the 
suspending  fibres,  that  is,  by  turning  the  proper  way  the  small 
pins  c,  d.  The  suspending  wire  which  passes  through  the 
centre  of  the  needle  should  also  bo  in  the  centre  of  the 
quadrants.  This  is  best  observed  when  the  quadrants  have 
been  moved  to  their  closest  position.  The  fourth  quadrant  is 
moved  out  or  in  by  the  micrometer  screw  g  with  the  graduated 
disc  overhanging  the  edge  of  the  cover,  A  deviation  of  the 
suspending  wire  from  its  proper  central  position,  as  was 
explained  at  the  beginning  of  the  chapter,  may  be  corrected 
by  means  of  the  small  screwa  a,  6,  c,  and  d.  When  proper  adjust- 
ment is  attained  the  black  line  on  the  top  of  the  needle  should 
be  parallel  to  the  transverse  slit  made  by  the  edges  of  the 
quadrants  when  these  are  symmetrically  arranged. 

The  sulphuric  acid  may  now  be  put  into  the  jar.  For  this 
purpose,  the  strongest  sulphuric  acid  of  commerce  is  to  be  boiled 
with  some  crystals  of  sulphate  of  ammonia,  in  a  flurence-flaak 
supported  on  a  retort-stand  over  a  jet  of  gas  or  other  convenient 
source  of  beat.  It  is  recommended  to  boil  under  a  chimney,  so 
that  the  noxious  fumts  rising  from  the  acid  may  escape.  To 
guard  against  the  destructive  effects  of  the  acid  in  the  event  of 
the  flask  breaking  by  the  heat,  there  should  be  placed  beneath 
'  it  a  broad  pan  filled  with  ashes,  or  it  should  stand  above  a  fire- 
place containing  a  sufficient  quantity  of  cold  ashes.  A  little 
sand  put  into  the  flask  will  lessen  the  risk  of  breaking.  The 
object  of  boiling  the  acid  is  to  expel  the  volatile  add  impurities 
which  will  otherwise  impregnate  the  air  inside  of  the  jar  and 
tarnish  the  works.  When  cool,  tho  acid  may  be  best  poured 
into  the  jar  through  a  glass  filler  with  a  long  stem  inserted 
through  the  screw  opening  H  provided  for  the  purpose.  The 
stem  of  the  filler  should  reaoh  the  bottom  of  the  jar,  to  avt^ 
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Bplashing  upon  its  aides  or  upon  tLe  works,  and  in  removing  it 
care  should  Ije  taken  that  it  is  diawn  out  without  its  end 
touching  any  of  the  brasswork.  The  acid  may  bo  poured  in 
till  the  surface  is  about  an  inch  below  the  lower  end  of  the 
■wide  brasB  tube  which  hangs  down  the  middle  of  the  jar.  It  must 
at  least  reach  the  three  platinum  wires  hanging  from  the  works. 
370.  The  instrument  thus  adjusted  and  charged  with  acid 
should  be  allowed  to  rest  for  some  little  time  so  that  any  films 
of  moisture  on  the  insulating  portions  of  tho  apparatus  may 


The  scale  should  now  be  placed  at  the  proper  distance  so  that 
the  reflected  image  is  sharply  defined  and  stands  at  tho  middle 
of  the  scale,  that  is,  at  360 ;  for  the  electrometer  scale  (unlike 
that  of  a  galvanometer)  is  graduated  from  0  to  720, 360  being  the 
middle  point.  Care  must  be  taken  that  the  two  ends  of  the 
scale  are  equidistant  from  the  centre  of  tho  mirror. 

Next  connect  together  the  two  electrodes  of  the  quadrants 
and  the  induction  plate  electrode,  by  means  of  a  piece  of  thin 
wire  joined  to  the  cover  of  the  jar  ;  also  turn  the  charging  rod  so 
that  it  touches  the  framework  of  the  platinum  wire  of  the  needle- 
Now  charge  the  jar  positively  by  moans  of  a  few  sparks  from 
a  small  electrophorus,  the  frame  of  the  instrument  being  put  to 
earth  for  the  purpose,  and  afterwards  disconnected.  When  the 
proper  potential  is  reached,  it  is  indicated  by  the  lever  of  the 
aluminium  balance  rising;  the  charging  rod  should  then  be 
turned  so  as  to  disconnect  the  latter  from  the  needle.  The 
replenisher  uiust  now  be  used  to  adjust  the  charge  exactly,  so 
that  the  hair  may  stand  between  the  black  spots  when  observed 
through  tho  lens.  When  the  lever  carrying  the  hair  is  at 
either  extremity  of  its  range,  it  ie  apt  to  adhere  to  the  stop ;  in 
using  the  replenisher  to  bring  it  from  either  limit,  therefore,  it 
is  necessary  to  free  it  from  the  stop  by  tapping  the  cover  of  tho 
jar  with  the  fingers. 

If  the  charge  has  caused  the  reflected  image  to  be  deflected 
from  the  middle  of  the  scale,  it  may  be  brought  back  to  that 
position  by  turning  the  micrometer  screw  which  moves  the 
fourth  qundraut,  and,  if  necessary,  sliding  out  or  in  one  or  more 
of  the  other  quadrants. 

The  small  percentage  of  the  charge  lost  from  day  to  day  may 
be  recovered  by  using  tho  replenisher.  Under  ordinary  con- 
ditions this  loss  will  not  amuunt  to  more  than  i  per  cent. 
per  day. 

The  charge  may  suffer  loss  from  several  caueea.  the  most 
prevalent  being  the  presence  of  dust  on  portinna  of  the  appa- 
ratus jnBide.  the  jar,    Every  portion  should  be  carefully  dusted 
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'with  a  camel-hair  brush,  i 
plate  beneath  the  aluminini 

Loss  may  oociir  by  shreds  inside  of  the  quadrants  drawing 
the  charge  from  the  oeedle.  It  should  be  ascertained  ■whether 
this  takes  place.  InBulate  alternately  each  pair  of  quadrants 
by  raising  the  corresponding  electrode,  while  the  other  pair  are 
connected  through  their  electrode  with  the  cover.  If  the  re- 
flected image  in  either  case  keeps  moving  slowly  along  the 
Bcale,  for  instance  over  20  scale  divisions  in  half  an  hour,  the 
charge  in  the  jar  being  at  the  same  time  kept  constant  by  the 
nse  of  the  replenisher  if  neoeaaary,  the  insulated  pair  of  qnad- 
rants  is  receiving  a  charge  from  the  needle.  In  that  case  the 
inside  of  the  quadrants  may  be  brushed  with  a  light  feather,  or 
camel-hair  brush,  after  sliding  them  outwards  as  far  as  the  slots 
allow,  and  securing  the  needle  in  the  position  in  which  it  was 
£xed  dnring  transit ;  oare  being  taken  not  to  press  upon  the 
needle  so  as  to  bend  it  or  the  suspending  wire,  Withont  aecu- 
ling  the  needle,  each  quadrant  may  he  drawn  outwards  and 
brushed,  while  the  needlo  is  deflected  away  from  it  by  the 
screws  a,  b,  or  by  any  obvioius  means  of  keeping  the  needle 
deflected,  care  being  taken  not  to  strain  the  fibres. 

Another  possible  source  of  loss  of  charge  is  want  of  insulation 
over  the  portion  of  the  glass  jar  above  the  acid.  If  the  per- 
centage of  the  charge  lost  from  day  to  day  he  so  considei'able 
as  to  require  much  use  of  the  replenisher  to  recover  it,  the 
glass  should  be  cleaned  with  a  wet  sponge,  rubbed  with  soap  at 
firat,  or  with  a  piece  of  hard  silk  ribbon,  wet  and  soaped  at  first, 
then  simply  wot  with  clean  water,  which  may  be  drawn  mund 
the  glass  to  clean  every  part  of  it.  The  ribbon  being  dried 
before  a  fire,  may  be  used  in  the  same  manner  to  dry  the  glass. 

If  everything  fails  to  make  the  apparatus  keep  its  charge,  the 
cause  is  probably  due  to  a  defective  glass  jar,  and  this  oan  only 
be  remedied  by  the  mauufacturers. 

371.  The  good  insulation  of  the  instrument  being  satisfs 
torily  accompEshed,  the  symmetrical  suspension  of  the  needle ' 
the  fibres  should  be  tested.  Thft  conditions  sought  to  be  reali 
are,  that  in  the  level  position  of  the  instrument  the  needle  i 
hang  with  equal  strain  on  the  two  fibres,  and  in  a  symmetrical 
position  with  regard  to  the  four  quadrants.  It  is  plain  that  if 
these  conditions  be  fulfilled  the  deflection  produced  by  the  same 
electric  force  in  the  level  position  of  the  instrument,  will  be  less 
than  it  will  be  in  any  position  of  the  instrament  which  throws 
the  greater  part  of  the  weight  on  one  fibre,  or  brings  the  needle 
nearer  to  any  part  of  the  inner  surface  of  the  quadrants  than  it 
is  in  ite_Bvminetiical  position,  which  is  its  position  of  greatest 
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distance  from  b1!  the  quadrants.  To  make  the  test,  the  two 
quadrant  terminals  should  be  oonnected  to  the  two  poles  of  a 
single-cell  battery,  and  the  deflections  produced  upon  the  soale 
compared,  while  tlie  inBtrnment  is  set  at  different  levels,  by 
screwing  one  or  more  of  the  three  feet  on  which  it  ia  suppoited. 
At  eiich  observation  the  extreme  range,  or  difference  of  reiidings 
got  by  reversing  Ihe  battery,  shonld  be  noted.  If  the  range 
diminishes  as  one  side  of  the  instrument  is  raised,  the  sus- 
pending fibre  on  that  side  must  be  drawn  up,  by  tumiog  very 
slightly  the  small  pin  c  or  d,  round  which  it  ia  wound,  and 
another  series  of  observations  taken  in  the  same  manner, 
beginning  with  the  instrument  levelled.  Instead  of  drawing  up 
one  fibre,  the  other  may  be  let  down,  to  keep  the  needle  midway 
between  the  upper  and  under  surfaces  i>f  the  quadrants,  and 
after  each  altenition  of  the  suspension  it  will  be  necessary  to 
readjust  the  screws  a,  b.  to  make  the  black  line  on  the  needle 
hang  exactly  midway  between  the  quadrants  when  the  needle 
is  undisturbed  by  electricity.  It  will  be  obseiTed  also  that  the 
charge  of  the  jar  is  lost  by  touching  these  screws,  unless  the 
insulated  key  is  used.  They  are  reached  without  taking  off 
the  lantern  by  screwing  out  a  vulcanite  plug  in  the  glass 
window  in  front  of  them. 

In  deflecting  the  instrument  much  from  its  level  position,  the 
guard  tube  may  be  brought  into  contact  with  the  wire  banging 
from  the  needle,  and  the  moveraenta  of  the  latter  be  thus  inter- 
fered with  by  friction.  When  the  needle  vibrates  freely,  it  will 
be  observed  that  the  image  comes  to  rest  in  any  position  to  wliioh 
it  may  be  deflected,  after  vibrating  with  constant  period  and 
gradually  diminishing  range  on  each  side  of  this  position  of 
rest.  The  occurrence  of  friction  is  shown  by  the  needle  coming 
to  rest  abruptly,  or  vibrating  more  quickly  than  proper.  The 
reading  obtained  under  these  circumstances  is,  of  course,  of  no 
value.  The  quicker  vibrations  obtained  in  using  the  induction 
plate  must  not  be  mistaken  for  Tibrations  indicating  friction, 
from  which  they  may  be  easily  distinguished  by  their  regu- 

If,  as  may  poaeiMy  happen,  the  process  of  observing  the 
deflections  at  different  levels,  and  di-awing  up  the  fibre  on  that 
side  which  is  being  raised  while  getting  leas  sensibility,  should 
only  lead  the  operator  to  draw  up  one  fibre  till  it  bears  the 
whole  weight,  while  the  other  is  seen  to  hang  loosely,  be  should 
adjust  them  as  nearly  as  he  can  bv  the  eye  to  hear  an  equal 
share  of  the  weight,  and  examine  the  position  of  the  needle  by 
looking  through  the  glass  of  the  jar  just  belnw  the  rim,  the  two 
quadrants   in  front  of  the  mirror  being   drawn  out,  and  the 
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lantern  taken  off  to  let  in  plenty  of  light.  He  will  proljably 
find  that  the  needle  leanH  slightly  downwards  relatively  to  the 
qnadrantB  on  that  side  which  he  was  drawing  up  while  getting 
Bmallor  defiectioDB.  To  correct  thia  ie  a  delicate  operation, 
which  should  only  be  attempted  by  a  very  careful  operator. 
Though  perfect  symmetry  of  auBpenaion  ia  aimed  at,  it  ie  not 
esaential  to  the  utility  of  the  inatrument.  If  it  be  desired  to 
make  the  correction,  first  secnre  the  needle  aa  during  transit; 
tale  off  the  cover,  and  while  it  is  held  by  a  careful  assistant,  or 
properly  supported  in  a  position  in  which  it  may  be  levelled, 
remove  the  lower  guard  tube  (the  wide  brass  tube  hanging  down 
the  centre)  after  screwing  out  the  small  pin  in  its  neok.  It  will 
be  observed  that  the  upper  and  narrower  guard  tube  consists  of 
two  semi-cylindrical  parts  united.  The  part  in  front  may  now 
be  removed  by  taking  out  the  two  screws  which  fasten  it  at  the 
top,  and  the  platinum  wire  w^hicb  carries  the  needle  may  be 
esamined.  If  it  has  got  bent  it  must  be  straightened ;  if  not,  it 
may  be  bent  carefully  jnst  above  the  needle,  so  as  to  raise  that 
end  of  the  needle  which  was  observed  to  hang  lowest.  If  the 
cover  be  supported  so  that  it  may  be  levelled,  the  needle  ro&y 
be  set  free,  and  the  operator  may  observe  whether  he  has  auo 
oeeded  in  malting  it  hang  parallel  to  the  surfaces  above  and 
below  it.  The  needle  must  not,  however,  be  allowed  to  haDg. 
by  the  fibres,  while  bending  the  platinum  wire,  or  while  — 
moving  or  replacing  the  guard  tubes. 

The   works  being  replaced,   the   process   of  observing 
deflections  at  different  levels  and  adjusting  the  tension  of  tihe 
fibres  fihould  be  repeated,  with  the  view  of  getting  minimum 
sensibility  in  the  level  position. 

The  two  unoccupied  holes  bored  through  the  cover  and  flange 
of  the  jar  arc  intended  to  receive  the  square-pointed  keys,  v/lu 
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GrRASBS  OF    SeHSITITENESS. 

372.  There  are  several  ways  of  making  the  connections  to 
terminals  of  the  quadrants,  frame,  and  induction  plate,  so  ai 
get  various  degrees  of  sensitiveness  for  measuring  potentials 
various  strengths. 

1st  Grade. 

The  following  is  the  most  sensitive   arrangement,  such 
would  be  used  for  measuring  the  potential  of  a  DanieU  cell;—.! 

One  polo  of  tho  battery  ■would  be  connected,  through  the 
medium  of  a  reversing  key  (Fig.  105,  page  317),  to  one  quadrant 
.terminal,  and  the  other  to  the  frame  of  the  iufitrament  and  to 
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the  Bocond  quadrant  terminal.  This,  by  reverBing  the  key, 
would  give  about  50  divitiionB  on  either  side  of  the  360,  equal 
to  100  in  aU. 

2nd  Grade. 
Leaving  one  pole  of  the  battery  to  the  frame,  the  next  degree 
of  senBitiveneBs  ia  obtained  by  diEoonneeting  the  pair  of  quad- 
rants that  are  connected  to  the  frame,  the  electrode  being  raised 
for  the  purpose ;  the  other  conneotiona  muat  be  the  Bame  aa  in 
the  laBt  oaae.  By  this  arrangement  the  needle  is  acted  upon  by 
one  pair  of  quadrants  only. 

873.  By  uaing  the  induction  plate  we  may  still  further 
diminiah  the  aensitiveneHs  of  the  instrument.  For  instance, 
when  we  connect  the  pole  of  the  battery  to  a  pair  of  quadrants, 
those  quadrants  take  the  potential  that  it  has  ;  but  if  we  connect 
it  to  the  induction  plate,  then  the  charge  in  the  quadrant  below 
18  only  an  induced  one,  and,  since  there  is  an  interval  between 
the  plate  and  the  quadrant,  this  induced  charge  will  be  small, 
and  the  effect  on  the  needle  proportionally  small.  Again,  if 
■we  disconnect  one  pair  of  quadrants,  and  connect  the  vrire  from 
the  battery  to  the  induction  plate  and  to  the  corresponding 
quadrants,  then  the  charge  will  be  partially  bound.  The  effect 
on  the  needle  will  therefore  be  less  still.  The  actual  number 
of  grades  of  Benaitiveueas  with  the  induction  plate  are  as 
follows  :— 

3rd  Grade. 

One  pair  of  quadrants  connected  to  one  pole  of  battery. 
Induction  plate  and  second  pole  of  battery  connected  to  frame. 
Second  pair  of  quadrants  disconnected  by  raising  electrode, 

ith  Grade. 
One  pair  of  quadrants  connected  to  one  pole  of  batteiy,  and 
also  to  induction  plate.     Second  polo  of  battery  connected  to 
frame.     Second  pair  of  quadrants  disconnected  by  raising  elec- 
trode. 

5tk  Grade. 
Induction  plate  connected  to  pole  of  battery.     One  pair  of 
quadrants  and   second    pole   of    battery   connected   to  frame. 
Becond  pair  of  quadrants  disconnected  by  raiaing  electrode. 


Induction  plate  connected  to  pole  of  battery.  Second  pole  of 
battery  connected  to  frame.  Both  pairs  of  quadrants  diacon- 
ueoted  b;  raisiug  the  electrodes, 
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374.  We  can  in  each  of  these  cases  interchaBge  the  terminali 
of  the  quadrania,  that  is  to  Bay,  we  can  use  the  left  terminal 
where  we  used  the  right,  and  vice  terad. 

375.  There  is  one  more  point  to  mention  in  connection  with 
tllfi  inHtrumeut,  and  that  is,  that  it  may  be  found,  on  raising 

9  of  the  electrodes  to  disconnect  it  from  the  quadrants,  that 
>  act  of  doing  BO  causes  the  image  on  the  scale  to  deviate  a 
few  degrees  from  zero  in  consequence  of  a  current  being  induced 
thereby. 

In  the  moat  recent  form  of  instrument  there  is  a  small  milled 
'ulcaaito  head  provided,  by  turning  which  the  quadrants  are 
connected  to  the  frame,  and  the  charge  beini;  thereby  dissipated, 
the  image  returns  to  zero.  When  this  is  done  the  milled  head 
must  be  turned  back  before  commencing  to  test  again. 

The  "Use  of  the  Electoometer. 

376.  The  electrometer  can  be  used  in  every  test  where 
denser  is  usually  employed. 

In  using  the  condenser  we  have  to  charge  it,  and  then  note 
its  discharge  on  the  galvanometer,  which  gives  the  potential. 
With  the  electrometer  we  have  simply  to  connect  to  its  terminals 
the  wires  which  would  be  connected  to  the  condenser,  and  the 
permanent  deflection  on  the  scale  gives  us  the  potential,  which 
can  he  observed  at  leisure. 

Thus,  in  measuring  the  resi  stance  of  a  battery  by  the  method 
given  on  page  258  (S  294),  we  should  first  connect  the  battery 

wires  to  the  electrometer  (through  the  medium  of  the  rei '     ' 

key  is  best),  note  the  deflection,  then  insert  the  shunt, 
note  the  deflection,  and  calculate  from  the  formula. 

The  great  value  of  the  electrometer,  however,  lies  in  the  fact 
of  its  enabling  ua  to  notice  the  continuous  fall  of  charge  in  a 
cable,  and  not,  like  the  condeiiser  method,  merely  to  determine 
what  the  potential  has  fallen  to  after  a  certain  time.  We  can 
see  with  unfailing  accuracy  when  the  charge  has  fallen  to  one- 
half  or  any  other  proportion  "we  please. 

We  see,  in  fact,  exactly  what  is  going  on  in  the  cable  at  any 
moment. 

The  connections  for  such  a.  teat  conld  not  well  be  simpler. 
We  charge  the  cable,  connect  it  to  the  electrometer,  the  frame 
being  to  earth,  and  then  notice  the  deflection  as  it  gradually 
falls  down  the  scale.     We  do  not  even  require  a  battery,  as  v 
can  charge  the  cable  with  a  few  sparks  from  an  electrophoruB. 

The  degree  of  sensitiveness  necessary  for  any  partiaular  cab] 
we  can,  of  ooutse,  only  tell  by  experience. 
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Meaturementi  from  an  Inferred  Zero. 

377.  When  very  high  reBiBtniJcea,  such,  for  instance,  as  short 
lengths  of  highly  insulated  cable,  are  measured  by  the  ordinary 
fall  of  charge  method,  the  fall,  even  in  a  considerable  time, 
would  be  8o  small  that  the  test  would  be  an  unsatisfactory  one, 
for  the  difference  between  the  deflection  at  the  beginning  of  the 
test,  and  that  after  the  interval  of  time,  could  only  be  a  small 
fraction  of  the  whole  length  of  the  scale ;  and  if  the  deflections 
are  not  accurately  noted,  still  leas  can  we  be  satisfied  of  the 
correctness  of  our  result  when  worked  out  from  a  formula. 

By  means  of  a  plan  suggested  by  Professoi-  Fleeming  Jenkin, 
however,  snch  high  resistances  can  be  measured  by  the  fall  of 
charge  meihud  with  considerable  precision. 

Professor  Jenkin's  improvement  consists  in  virtually  pro- 
longing the  scale  and  counting  the  divisions  from  an  inferred  zero. 

An  explanation  of  the  method  of  making  the  teat  will  best 
show  what  an  inferred  zero  is. 

One  pole  of  the  battery  being  to  earth,  the  other  polo  is  con- 
nected to  one  pair  of  (luadmnts  and  to  the  framework  of  the 
instrument. 

The  second  pair  of  quadrants  is  connected  to  the  cable. 

By  joining  for  an  instant  the  two  pairs  of  quadrants  together, 
the  cable  and  quadrants  take  the  same  potential ;  therefore,  at 
the  moment  of  disconnecting  them,  the  noedio  will  be  at  zero. 

The  potential,  however,  of  the  cable,  and  the  quadrants  con- 
nected to  it,  will  fall,  and  the  needle  be  deflected. 

Suppose,  now,  one  cell  connected  to  the  electrometer  gave 
100  divisions  deflection,  and  suppose  the  battery  which  chajged 
the  cable  was  100  cella,  then  if  the  cable  lost  1  per  cent,  of  its 
charge,  the  charge  remaining  would  he  99,  and  aa  the  other 
quadrant,  being  permanently  connected  to  the  100  cella,  has  the 
potential  of  100,  the  difference  between  the  two  is  100  —  99  =  1 
cell,  which,  as  we  have  said,  gives  100  divisions.  The  2  per 
cent,  loss  would  give  200  divisions,  and  so  on,  whereas  by  the 
method  mentioned  on  the  last  page,  if  we  get  300  aay,  at  first, 
then  1  per  cent,  loss  would  only  move  the  image  down  to  397, 
and  2  per  cent,  would  move  it  down  to  294. 

When  all  the  charge  is  lost,  the  deflection  wotild  evidently 
be  100  X  100  =  10,000,  which  is  the  inferred  zero.  To  obtain 
this  zero  for  any  parlicular  battery,  we  should  have  to  get  the 
deflection  from  1  coll  and  then  determine,  by  the  method  given 
on  pages  250  and  2()2  (§  299),  what  the  electromotive  force  of  the 
ieating  battery  is  in  terras  of  the  1  cell.  Then  by  multiplying 
_the  1  cell  deflection  by  this  value  we  get  what  we  require.         ^ 
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The  numbers  representing  the  potentials  we  must  evidently 
get  by  subtracting  the  deflections  on  the  scale  from  the  inferred 
zero. 

To  obtain  the  full  range  of  the  scale  we  should,  at  starting, 
get  the  image  on  the  actual  marked  zero,  which  is,  as  ^^e  have 
before  said,  at  the  end,  and  not  at  the  middle  of  the  scale. 


MEASUREMENT   OF  HIGH  BESISTANCEB. 

S78.  The  highest  reBiatance  which  it  is  possible  to  measure  by 
meariBof  the  Wheatstone  bridge  deaeribed  at  the  commencenient 
of  Chapter  VIII.,  is  1.000.000  ohms.  It  is  true  that  soma  bridges 
have  another  sot  of  resistances  in  the  top  row,  which  will  enable 
the  ratio  10  to  10,000  to  be  used,  and  consequently  a  lesiatance 


10,000  X  10,000 


10,000,000  ohms 


10 

to  be  measured ;  but  this  ia  not  often  the  case,  and  the  values 
of  resistances  much  greater  than,  this  frequently  require  to  be 
determined. 

For  this  purpose  a  modification  of  the  deflection  method 
given  in  Chapter  I.,  page  5  (§  9),  must  be  adopted. 

S79.  Provide  aBingle,andalBoabout  lOOcouHiant  cells.  Find 
their  respective  electromotive  forces  by  the  discharge  method 
given  on  pages  250  and  263  (§  299).  Thus,  suppose  the  dia- 
cliarge  taken  from  the  I  cell,  which,  as  we  have  explained, 
should  be  taken  first,  gave  a  deflection  of  3U0,  the  galva- 
nometer shunt  (Sj)  being  adjusted  for  this  purpose  to  5G0 
ohms.  Suppose  also  that  the  discharge  from,  the  100  cells  in  the 
place  of  the  1  cell,  gave  a  deflection  of  302,  with  a  shunt  (di) 
of  6  ohms ;  then  by  multiplying  the  302  by 

G+  S. 

Si 

we  get  the  deflection  we  should  have  had  if  no  shnnt  had  been 

use<l ;  this  will  represent  the  electromotive  force  of  the  100  cells. 

In  like  manner,  by  multiplying  the  300  by 

G  +  S, 


we  get  a  number  representing  the  electromotive  force  of  the  1 

cell.      Taking  the  resistance  of   the  galvanometer  (G)  to  be 

_§000   ohms,   and   giving  the  other  numerical   values   to   the 
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I 

^^B quantities,  the  ratio  of  the  electromotive  force  of  the  1  cell 
^^H^e  electromotive  force  of  the  lUO  ceUs  would  l>e 

I 


^28 


■  or  aa 


5G0 


-  X  300 


6000  H 


2980:352,000. 


we  divide  the  greater  numbor  by  the  lees,  we  get  th.* 
▼alue  of  the  100  ceUa  in  terms  of  the  1  cell.  This  val 
81*6,  that  is  to  say,  the  100  colls  are  81'6  tiniea  etrunger  than' 
the  1  cell,  and  not  100  times.  This  might  ariue  from  some  of 
the  cells  being  defective,  or  im perfectly  inenlated.  This  does 
not  matter,  however,  so  long  aa  we  determine,  as  we  have 
done,  how  much  more  powerfnl  the  100  cells  are  than  the  1  celL 

Calculation  may  be  saved  in  the  foregoing  measurement  if 
we  adjust  the  galvanoQieter,  by  means  of  the  directing  magnet, 
80  that  a  convenient  discharge  deflection  is  obtained  with  the 
1  cell  when  there  ie  no  shunt  between  the  terminals  of  the 
instniment.  The  exact  value  of  this  deflection  being  noted, 
the  discharge  deflection  from  the  100  cells  is  next  tatcen  with 
the  n'^  shunt  {page  43,  §  48)  ;  tlien  the  latter  deflection  multi- 
plied by  100  and  divided  by  the  first  deflection,  obviously  at, 
once  gives  the  value  of  the  100  cells. 

380.  Having  found  the  value  of  the  100  cells  in  terras  of  tl 
single  cell,  we  nest  proceed  to  join  up  the  galvanometer,  wi 
a  shunt,  &c.,  between  ita  terminals,  in  circuit  with  a  resistance'^ 
coil  and  the  single  cell,  as  shown  by  Fig.  106. 

Put  a  resistance  of  10,000  ohms  in  A  B  ^a  resistance  of  10,000 
ohms  in  a  separate  box  is  often  used  for  this  moasnrement),  and 
having  first  inserted  all  the  plugs  in  S,  press  down  the  short- 
circuit  key,  and  proceed  to  remove  some  of  the  plugs,  until  a 
deflection  of,  say,  300  is  obtaiDeJ,  then  raise  the  key  and  see  if 
the  spot  of  light  comes  back  to  zero  properly ;  if  it  does  not, 
then  by  disconnecting  one  of  the  wires,  see  that  the  cause  is  not 
from  the  short-circuit  key  not  making  proper  contact.     If  this 
has  not  the  required  effect,  the  adjusting  magnet  of  the  galvano- 
meter must  be  slightly  shifted,  and,  if  necessary,  put  a  litt] 
lower  down,  so  as  to  make  the  needle  a  little  sensitive.     Aft( 
a  few  trials  this  will  be  satisfactorily  done,  and  the  spot  of  ligl 
will  always  come  back  to  the  zero  point  when  no  current 
passing  through  the  galvanometer. 

Let  the  deflection  be  301^,  the  shunt  being  7  ohms. 

Multiply  30l-5by  ^^5^-:!^, which  gives  215,700- 
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This  ia  the  deflection  we  sLould  get  through  10,000  ohms, 
with  no  shunt  to  the  galvauometer.  There  is  really  in  the 
circuit,  beeideB  the  10,000  ohms,  the  reBiatatice  of  the  1  cell, 
and  also  the  resistance  of  the  galvanometer  and  shunt  combined 


(which  will  be  practically  7  ohms),  but  this  will  bo  so  small  aa 
to  be  of  no  consequence ;  it  may,  however,  be  added  on  to  the 
10,000  when  working  out  the  reanltB,  if  pi-eferred. 

Now,  if  wo  had  used  the  100  cells  instead  of  the  1  cell,  our 
deflection  would  have  been  84' Stimes  as  great  as  it  was  with  the 

1  cell.  If,  then,  we  multiply  215,700  by  84-fi  we  shall  get  the 
deflection  obtainable  with  the  100  cells  through  a  resistance  of 
10,000.  This  value  will  be  found  to  be  18,248,000.  Multi- 
plying this  number  by  10,000  we  get  the  amglant;  this  constant 
is  obviously  the  theoretical  reeistatice  which  would  give  a 
deflection  of  1  division  with  the  100  cells. 

If  it  is  req^uired  to  use,  aay,  200  cells  instead  of  100  only, 
then  in  cases  where  galvanometer  shunts  of  a  fixed  value  (Jth, 
ji'fl*^'  niith)'  oiily*  8''"  available,  it  would  be  advisable  to  employ 

2  cells  instead  of  the  1  cell,  for  making  the  test,  so  as  to 
cause  the  deflections  to  be  of  an  approximately  equal  value 
(page  68,  §  61) ;  this  would  not  of  course  alter  the  foregoing 
process  of  calculation  in  any  way,  it  would  only  result  in  the 
numerical  value  of  the  "  constant "  being  different  The  actual 
number  of  cells  used,  it  may  be  pointed  out,  has  nothing  to  do 
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with  the  caloulations  ;  in  fact,  it  ia  Bsual  to  speak  of  the  100, 0Ti^| 
200,  cells  as  the  "  battery  "  aiinply.  A  one-cell  battery  is  U8e4^^ 
for  Droducins'  the  Dermanetit  liefloction  throueh  10.000  ohms.    " 


I 
I 


for  producing  the  permaDeiit  deflection  through  10,000  ohms, 
because  100  cells  would  deflect  the  spot  of  light  off  the  scale 
with  the  lowest  shunt  that  could  be  used ;  one  cell  happens  to 
be  a  convenient  elactromotiTe  force  to  employ,  but,  as  pointed 
out,  it  might  be  preferable  to  use  two,  or  even  more,  in  certain    ' 

i 

It  maybe  pointed  out  that  the  constant  deflection  ■with,tj 
cell  through  10,000  ohms  may  usually  be  taken  with  the  ^^ 
shuut  in  the  place  of  a  shunt  of  a  particular  numerical  value 
(as  iu  the  foregoing  example) ;  this  simplifies  calculatioa,  as  we 
have  then  simply  to  multiply  the  constant  deflection  by  1000 

instead  of  by  — ^ —  • 

381,  The  foregoing  process  is  simplified  byusing  a  resistaDce 
of  1,000,000  in  the  place  of  1 0,000.  llie  constant  can  then  be 
found  with  the  "  battery  "  at  once. 

382.  Having  meaanred  and  worked  out  the  constant  (which 
is  best  done  by  the  help  of  logarithmic  tables"),  we  insert  the 
resistance  which  is  to  be  measured,  in  the  place  of  A  B,  using 
the  100  cells  in  the  place  of  the  1  cell.     Having  adjusted  S   [ 
till  a  deflection  of  300,  or  near  to  300,  is  obtained,  note  S  a    ■"" 
also  the  deflection.     Let  S  be  2500,  and  deflection  298.     Th 
the  deflection  without  the  shunt  would  be 

«oo  -.  6000  +  2500 


places  0 
^^^  "working 
^^M  observat 
^^t      to  be  cei 


Dividing  the  "  constant "  by  this  number,  we  get 

182,480,000,000      „„,  ,„^„„„    , 
'  ■     —  =204,100,000  ohms, 

which  is  the  value  oF  the  resistance. 

Practically,  we  may  say  the  value  of  the  resistance 
204,000,000  ohms,  or  204  megohms,  for  inasmuch  aa  we  can  only- 
he  certain  of  the  values  of  the  observed  deflections  to  3  places  of 
figures,  so  we  can  only  be  certain  of  the  worked  out  values  to  3 
places  of  figures.  A  great  deal  of  time  is  often  wasted  in 
■working  out  results  to  G  or  6  places  of  figures  when,  in  the 
observations  necessary  to  obtain  these  results,  it  is  impossible 
to  be  certain  of  their  value  beyond  3  places  of  figures. 

Chamheta'  Matbccaatii^l  Tables '  are  tliose  generallj  used.  h 
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MEAamiEMENT  OF  THE  InSCLATION  BeSISTANCE  OF   A   GaBLE. 

383.  In  measuring  the  insulation  resistance  of  a  oible,  the 
constftnt  having  been  taken  in  the  foregoing  manner,  we  shouJd 
join  up  the  galvanometer,  shunt,  short-aircuit  key,  reversing 
key,  battery  switch,  battery,  and  cable,  as  cJaown  by  Fig.  107,* 


By  having  both  a  galvanometer  reversing  key  and  a  battery 
switch  the  tionble  of  reversing  the  wires  on  the  galvanometer, 
when  the  battery  current  is  reversed,  is  avoided,  as  it  can  be 
done  more  readily  by  moans  of  the  key.  The  object  of  reversing 
the  galvanometer  connectione  when  the  battery  is  reversed  is 
to  obtain  the  deflection  always  on  the  Game  side  of  the  scale. 

384.  Both  ends  of  the  core  of  the  cable  must  be  trimmed  by 
means  of  a  sharp  and  clean  knife,  care  being  taken  that  the 
outer  surface  of  the  gntta-porcha,  which  has  been  exposed  and 
osidiaed  by  the  air,  is  completely  cut  away  ;  the  clean  aurfaoe 
thus  exposed  alionld  not  be  touched  with  the  fingers.  It  is  a 
good  plan  to  paint  the  trimmed  ends  with  hot  paraffin  max 
(not  oil). 

The  ends  being  thus  carefully  insulated,  and  the  further  end 
left  hanging  free,  so  as  not  to  touch  anything,  the  nearer  end 
of  the  cable  must  be  connected,  through  the  medium  of  the  lead 
wire,  to  the  terminal  screw  of  the  reversing  key,  as  shown  in 

■     ■  8ee  uleo  '  Bymcr  Jones'  Combination  Kej  for  Cable  Testing,'  Appendix, 
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Fig.  107,  care  being  taken  not  to  toncli  tlie  trimmed  end  in 
doing  BO.  The  switch  plugs  being  inserted,  the  reversing  key 
which  puts  the  zinc  pole  to  the  cable  must  be  clamped  oown, 
and  (the  short-circuit  key  being  depressed)  sufficient  resiataihoe 
inserted  in  the  shunt  to  obtain  a  deflection  of  about  300. 

At  the  end  of  a  minute  from  the  time  the  reversing  key  was 
clamped  down,  the  exact  deflection  should  be  noted. 

385.  The  deflection  obtained,  it  will  be  found,  is  not  a  perma- 
nent one,  but  will  gradually  decrease  as  the  current  is  kept  on, 
falling  rapidly  at  &*st,  and  then  more  slowly,  until  at  length,  it 
becomes  practically  stationary ;  the  continued  action  of  the 
current,  in  fact,  increases  the  resistance  of  the  dielectric.  This 
phenomenon  is  known  as  electrification,  and  its  cause  is  not  well 
understood ;  it  seems  to  be  due  to  some  kind  of  polarisation. 

The  following  shows  the  decrease  in  the  deflection  observed 
with  a  piece  of  cable  core  insulated  with  gutta-percha : — 


Minutes' 
electrification. 

Deflection, 

h 

344 

1 

804 

2 

280 

3 

264 

4 

256 

5 

252 

10 

236 

15 

222 

20 

216 

*25 

212 

30 

208 

35 

204 

40 

204 

50 

200 

386.  Increase  of  resistance  by  electrification  is  much  more 
marked  at  a  low  than  at  a  high  temperature ;  thus  in  an  actual 
experiment  it  was  found  that  with  a  piece  of  core  (insulated 
with  gutta-percha)  at  a  temperature  of  0°  C.  the  deflection  fell 
from  240  to  76  in  90  minutes ;  whereas  with  the  same  piece  of 
core  at  a  temperature  of  24°  C.  the  deflection  fell  from  240  to 
173  only,  in  the  same  time. 

The  rate  at  which  the  resistance  increases,  also  depends  upon 
the  nature  of  the  insulating  material;  it  is  quicker  in  some 
kinds  of  gutta-percha  than  in  others.  Jf  the  latter  material  is 
of  good  quality,  the  rate  of  fall  between  the  1st  and  2nd  minute 
would  not  be  less  than  5  per  cent.  In  indiarubber  the  increase 
is  very  rapid,  being  as  much  as  60  per  cent,  between  the  Ist  and 
dth  minute. 


1 
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387.  If  the  cable  or  insulated  wire  under  test  is  quite 
Bound,  the  electrification  should  take  place  perfectly  regularly, 
that  is  to  say,  the  deflection  on  the  galvanometer  scale 
should  decrease  steadilj*.  An  unsteady  electrification,  as  a 
nile,  is  a  sign  that  the  insulation  is  defective.  It  sometimes 
happens,  however,  that  the  unsteadiness  is  due  to  the  testing 
battery  being  in  a  had  condition,  or  not  properly  insulated ;  if, 
therefore,  the  electrification  is  such  as  to  raise  a  suspicion  that 
the  insulation  of  the  cable  or  insnlated  wire  under  lest  is  not 
perfect,  the  battery  should  be  looked  to  to  see  whether  it  is  in 
proper  order.  An  unsteady  electrification  may  also  be  caused 
by  the  ends  of  the  cable  or  of  the  lead  wire  not  being  properly 
trimmed,  or  from  their  becoming  daiup.  Before  concluding, 
therefore,  that  the  cable  is  faulty  these  points  should  be 
attended  to. 

A  thii-d  cause  of  unsteady  electrification  occasionally  exists  in 
factories ;  this  is  due  to  induced  ouiTenta  set  up  by  the  move- 
ment of  the  machinery  in  the  proximity  of  the  tanks  in  which 
the  cable  is  coiled.  When  a  cable  is  being  tested  on  board  ship 
the  rolling  of  the  latter  induces  comparatively  strong  currents 
in  the  cable,  and  causes  the  galvanometer  deflections  to  he  very 
erratic.  The  effects  of  these  currents,  in  both  cases,  may  be 
completely  got  rid  of  by  the  simple  device  of  making  the  in- 
sulation test  with  hoih  ends  of  the  cable  oonuected  to  the  testing 
apparatus,  instead  of  with  one  end  only, 

388.  It  is  found  with  a  good  cable,  that  if  the  battery  be 
taken  off  after  electrification  has  proceeded  for  some  time,  and 
the  cable  be  put  to  earth  through  a  galvanometer,  a  continually 
decreasing  current  will  flow  through  the  latter  from  the  cable  ; 
and  if  the  deflections  be  noted  after  intervals  of  time  equal  to 
those  during  which  deflections  were  noted  whilst  the  battery 
was  kept  on  the  cable,  it  will  be  found  that  the  relative  values 
of  the  two  sets  of  deflections  will  correspond.  This  will  only 
be  the  case,  however,  if  the  cable  be  sound,  and  therefore  the 
correspondence  of  the  two  sets  of  deflections  may  be  taken  as  a 
guarantee  of  the  good  condition  of  the  cable.  It  is  rarely, 
however,  that  a.  tt'St  of  this  kind  is  made. 

389.  Although  the  deflection  after  the  flrst  and  second  minute 
with  a  zinc  current  ia  usually  all  that  is  required  when  testing 
each  of  the  lengths  of  core  (2  knots)  of  which  a  cable  is  com- 
posed, yet,  when  the  cable  is  complete,  the  deflections  for  several 
successive  minutes  {usually  fifteen)  with  both  currents  should  be 
observed  and  noted.  In  this  case  the  deflections  having  been 
observed  with  the  cable  connected  to  one  pole  of  the  battery, 
the  latter  should  be  taken  o£^  and  the  cable  put  to  earth  to 


n 
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discharge  it  by  shifting  the  plugs  in  the  hattery  Bwitoh,  the  one 
'  Teversing  key  of  the  galvaRometer  being  still  left  clamped 
down.  The  cable  docs  not  get  rid  of  its  charge  immediately,  aa 
a  considerable  amount  remains  abeorbed ;  hence  it  is  necessary  to 
keep  it  connected  to  earth  for  some  time.  If  the  length  of  the 
cable  does  not  exceed  10  or  15  milea,  a  quarter  of  an  hour  will 
usually  he  sufficiont  to  render  it  neutral,  but  greater  lengths 
require  a  proportionally  longer  time.  Jt  can  easily  he  seen 
when  the  absorbed  charge  ia  got  rid  of,  for  if  the  cable  is 
neutral  no  deflection  will  be  observed  on  depressing  the  short- 
oironit  key,  but  if  a  charge  is  still  retained  a  slight  permanent 
deflection  will  be  produced. 

390.  When  the  cable  is  discharged  f  o  earth  great  care  must  be 
taken  that  the  short-circuit  key  K  ia  first  raised,  olherwise  tho 
■whole  discharge  will  pass  through  the  galvanometer  coils  and 
the  needles  be  demagnetised,  or,  at  leaht,  their  magnetic  power 
will  be  altered. 

391.  As  soon  as  the  cable  is  found  to  be  neutral,  the  seoond 
reversing  key  of  the  galvanometer  should  be  clamped  down,  and 
the  fljBt  one  released,  so  as  to  reverse  the  galvanometer ;  tho 
plugs  of  the  battery  switch  should  then  be  Inserted  so  that  the 
battery  sends  its  cun-ent  to  the  cable  in  the  reverse  direction  to 
that  it  did  at  fixst ;  this  bting  done,  the  deflections  on  the  gal- 
vanometer should  be  noted  at  intervals  of  a  minute,  as  before, 
until  the  same  number  of  readings  are  obtained. 

392.  It  is  usual  to  take  readings,  first  with  the  zinc  pole  and 
then  with  the  copper  pole,  of  the  battery,  connected  to  the  cable. 

If  the  cable  is  in  good  condition  the  readings  with  the 
and  copper  currents  will  be  the  same. 

If  there  is  not  time  to  take  readings  both  with  the  zinc 
copper  currents  the  zinc  shonld  be  tho  one  employed,  as  in 
case  of  a  fault  it  renders  the  latter  very  apparent ;  the  copper 
current  has  the  effect,  to  a  certain  extent,  of  sealing  up  a  defect. 

The  fall  of  the  deflection  in  both  cases  will  be  quick  at  firel 
and  will  afterwards  slowly  decrease. 

The  measurements  being  made,  the  resistance  at  the  end 
each  minute  may  be  worked  out  from  the  different  deflectit 
obtained. 

ass.  When  tho  cable  is  connected  to  the  testing  instniraentB 
by  a  long  leading  wire,  then  at  the  commencement  of  the  test  the 
end  of  the  lead  should  be  disconnected  from  the  cable,  and 
insulated ;  if  any  deflection  is  observable  on  tho  galvanometer 
when  the  battery  current  is  put  on,  this  deflection  must  be  nub- 
tracted  from  the  deflection  obtained  when  the  cable  is  attached 
to  the  lead.    In  making  this  correction  cu-e  must  be  tftken  that 


ect. 


■  MEASUREMENT   OP   HIGH   RESISTANCES.  335 

the  same  shunt  (if  any)  is  connected  to  the  galvanometer  as  will 
be  employed  when  the  cable  is  connected  to  the  lead,  or  if  no 
shunt  is  used  with  the  lead  the  nocosaary  allowance  for  this 
must  not  be  forgotten  to  be  made. 

The  ends  of  the  lead  must  be  trimmed  in  the  same  manner  as 
the  ends  of  the  cable. 

The  practical  way  of  noting  down  and  working  out  these  testa 
will  be  found  in  Chapter  XXVI. 

394.  When  a  large  number  of  cables  have  to  be  tested  daily 
at  a  factory  any  contrivances  or  methods  for  shortening  calcu- 
lations are  of  great  value.  Now  the  use  of  shunts  of  different 
values  for  obtaining  readable  deflections  on  the  galvanometer 
scale  with  different  cables  is  continual,  and  the  working  out  of 
the  multiplying  power  of  these  shunts  is  a  somewhat  tedious 
operation  when  a  largo  number  have  to  be  calculated.  If  the 
resistance  of  the  galvanometer  used  for  making  tho  testa  were 
constant,  a  small  table  could  easily  be  calculated  which  would 
show  the  multiplying  power  of  any  partieular  shftnt  at  a 
glance;  but  the  resistance  of  a  galvanometer  varies  con- 
siderably with  change  of  temperature,  and  therefore  under 
ordinary  conditions  a  table  of  the  kind  cannot  be  employed. 

A  very  simple  method  of  getting  over  this  difficulty,  due,  it 
is  believed,  to  Mr,  Herbert  Taylor,  has  been  adopted  in  the 
testing  rooms  of  the  Telegraph  Construction  and  Maintenance 
Company.  Tho  method  is  to  have  a  small  set  of  resistance 
coils  directly  in  circuit  with  the  galvanometer,  so  that  the 
resistance  of  the  latter  can  practically  be  always  preserved  the 

The  resistance  of  the  ordinary  reflecting  galvanometer  usually 
averages  between  5000  and  6000  ohms ;  by  having  the  galvano- 
meter wound,  therefore,  so  that  in  the  hottest  weather  the 
latter  value  is  never  exceeded,  and  by  having  a  set  of  resistance 
coils  adjustable  from  1  up  to  about  1000  ohms,  the  resistance  in 
the  circuit  can  always  be  kept  up  to  6000  under  all  conditions, 
and  therefore  a  table  giving  the  multiplying  power  of  shunts 
for  a  galvanometer  of  GOOO  ohms  resistance  can  always  be  made 
use  of.  Tables  of  tlus  description  will  be  found  at  the  end  of 
tho  book.  The  tables  also  give  the  combined  resistance  of  the 
galvanometer  and  shunt,  which  is  sometimes  required  to  be 
taken  into  account. 
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CHAPTER  XVL 

MEASUBEMENT  OP  BESISTANCES  BY  POTENTIALS. 

895.  There  are  two  distinct  ways  of  measuring  resistances  by 
potentials : — 

Ist.  By  noting  the  fall  of  potential  along  a  known  resistance 
with  which  the  unknown  resistance  is  in  connection. 

2nd.  By  noting  the  rate  at  which  a  condenser,  of  a  known 
capacity,  loses  its  potential  when  it  discharges  itself  through 
the  unknown  resistance. 

Fall  of  Potential  Method. 

896.  If  we  connect  a  battery  to  a  resistance  B  +  a?*  &8  shown 
by  Fig.  108,  the  potential  of  the  battery  may  be  regarded  as  * 
falling  regularly  along  the  resistance,  being  full  at  a  and  zero 

Fig.  108. 


at  c.  The  same  would  be  the  case  if  c  and  d  were  connected 
together  instead  of  being  put  to  earth.  By  similar  triangles 
we  have 

Y  :v  iiB,  +  x  :  X, 

therefore 

Y  X  =  vB,  +v  Xj 

or 

x(Y  -v)  =  Kr, 

*  See  Chapter  XL,  page  248,  §  284. 


MEASUREMENT   OF   RESISTANCES   BY   POTENTIALS.      337 


V  being  the  potential  at  a,  and  o  the  potential  at  6.     So  that,  if 
E  ia  ft  known  resistance,  we  can — by  observing  the  valuea  of 

V  and  ti — determine  the  value  of  x. 

For  example. 

If  E  =  1000  ohms,  V  =  300,  and  p  =  200,  then 

-  =  '»»»  300^  =  '»»»°''°"- 

397.  The  relative  values  of  the  potentials  can  be  measured 
by  means  of  a  condenser.  To  do  this  we  should  join  up  our 
condenser  and  galvanometer,  as  abown  by  Fig.  77,  page  240, 
the  only  difference  being  that  the  terminals  which  are  there 
represented  as  being  in  connection  with  a  battery  would,  in 
the  present  caae,  be  connected  to  the  points  a  and  d  (or  c)  for 
determining  V,  and  to  b  and  d  (or  c)  for  determining  o.  The 
condenser  discharges  in  the  two  cases  give  V  and  «, 

Another,  and  for  most  cases  a  preferable,  method  of  meaflur- 
iug  the  potentials,  is  to  insert  a  galvanometer  between  the 
pomt  at  which  the  potential  is  to  be  measured  and  the  earth, 
there  being  in  the  circuit  a  resiBtance  several  thousand  times 
greater  than  the  resistance  of  the  cjuduotor  of  the  cable.  The 
permanent  deflections  in  this  case  indicate  the  potentials  (§  286, 
page  24S). 

398.  Instead  of  measuring  the  potential  V,  we  can,  if  we 
please,  at  once  determine  the  value  of  V  —  »  by  connecting  the 
wires  from  the  condenser,  &o.  (^or  from  the  galvanometer  and 
high  resistance),  to  the  points  a  and  b ;  the  deflection  in  this 
case  at  once  gives  us  V  —  f .  So  that  if  we  call  p'  this  difference 
of  potential,  we  got 

»  =  E  "  .  [B] 

399.  The  conditions  for  making  the  test  by  formula  [A]  in  the 
best  possible  manner  are  precisely  similar  to  those  in  the  case 
of  the  "  Divided  Charge  Method  "  of  measaring  the  electrostatic 
capacity  of  a  cable  or  condenscT  (page  303) ;  for  equation 
[A]  in  this  latter  teat  is  similar  to  equation  [A]  (§  396)  of  the 
test  under  consideration.     We  must,  in  fact,  adjust  E  until  we 

V 
make  e  approximately  ei^ual  to  — ,  that  is  to  say,  wo  must  make 

E  about  half  as  large  as  x. 
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In  the  case  of  equation  [B]  the  conditions  are  slightly  dif- 
ferent, for  here  the  quantity  ^  replaces  (V  —  r),  and  althooff^ 
fl  and  (Y  —  v)  are  equal,  yet  inasmuch  as  v'  is  the  result  oi  a 
single  observation  only,  there  can  be  but  one  error  in  it ;  oon- 
sequently,  to  determine  the  best  conditions  for  making  the  test, 
we  must  take  equation  [A],  and  assume  an  error  S  to  ezifrt  hi 
»  only. 

Let  X  be  the  error  in  x  caused  by  an  error  8  in  v,  then 

bat  since 

a;  s  A  ^z >      or,     a  =  a« > 

V  —  «  « 

therefore 

;V-v  r  +  8  ,7  VS 

X 


CV-tr  r  +  8  ,7  _ 


or,  since  8  is  a  very  small  quantity,  we  may  say 

r  ( V  —  r) 

Now  we  have  to  make  \  as  %fmaXl  as  possible ;  this  we  shall  do, 
since  a;,  Y,  and  8  are  constant  quantities,  by  making  i;  (V  ~  «) 
as  large  as  possible. 

But 

and  to  make  this  expression  as  large  as  possible  we  must  make 

V 

-^  —  v  as  small  as  possible ;  that  is,  since  v  must  be  positive,  we 

must  make  it  equal  to  0,  or 

--  -  r  =  0, 
2  ' 

therefore 

V  =  2t;. 

But 

»'  =  ¥-<;, 
therefore 

©'  =  2t;  —  i;  =  ». 

In  which  case  we  get 

X  =  E; 
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that  is  to  Bay,  in  order  to  make  the  tost  as  accurately  ae  possible, 
we  muBt  make  E  approximately  eq^ual  to  x. 

iOO.  If,  instead  of  introducing  the  unknown  reeistaace  a,  and 
the  known  resistance  R,  between  the  points  o  and  c,  we  join 
the  pole  a  of  the  battery  direct  on  to  h,  we  c^n  determine  the 
Talue  of  a;  by  simply  noting  V,  and  then  ineorting  an  adjustable 
resistance  in  the  place  of  x,  and  altering  it  until  we  make  the 
potential  at  h  to  be  V,  as  at  first,  irheu  of  course  x  =  B. 

Beit  Condiliom  for  making  the  Teat. 
401.  In  the  case  of  formula 


make  B  approximately  ec[ual  to  ^  - 
In  the  case  of  fonnula, 

>;=Ei.  [B] 

make  B  approximately  equal  to  x. 

H  Pomble  Degree  of  Accuracy  attainable. 

In  the  case  of  formula  [A], 

In  the  case  of  formula  [B], 

Percentage  of  accuracy  =  -^- r ;  [C] 

where  S  is  the  fraction  of  a  division  to  which  each  of  the  deflec- 
tions V,  V,  and  o'  can  be  read. 


Loss  OF  Potential  Method. 
-  402.  In  Chapter  XIU.,  page  292,  an  equatioi 


■was  obtained,  where  F  was  the  electrostatic  capacity,  in  micro- 
Lat.QQadfinaeTf.Qi  .Qabl$;.tli@  jpotential  of  whose  charge 
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fell  from  Y  to  v  when  it  was  discharged  during   T  seocnidi 
through  a  resistance  of  B  megohms. 
Now  if  F  is  the  known  and  E  the  unknown  quantity,  then 

T 
E  = y  ; 

2-303  Flog- 
so  that  we  can  determine  the  value  of  a  resistance  by  a  oapadty 
and  loss  of  charge  measurement. 

403.  The  connections  for  making  such  a  test  would  be  pre- 
cisely similar  to  those  given  for  determining  electrostatic 
capacities  by  loss  of  charge  (§  329,  page  295). 

If  we  were  measuriing  the  resistance  of  a  short  cable  by 
this  method,  the  discharge  deflection  V,  compared  with  the 
discharge  deflection  obtained  with  the  same  battery  from  a 
standard  condenser,  would  give  us  the  value  of  F.  For  long 
cables,  however,  as  we  have  before  explained,  this  does  not  give 
correct  results,  so  the  capacity  must  be  determined  by  other 
methods,  Thomson's  for  example  (page  298). 

404.  From  (§  334,  page  293)  it  is  obvious  that  we  must  have 

Beat  Conditions  for  making  the  Test, 

V 

Make  v  as  nearly  as  possible  equal  to  ~— . 

0*0 

Possible  Degree  of  Accuracy  attainable, 

^200  8 
Percentage  of  accuracy  =  E 


V 

2-303  v  log  — 


where  8  is  the  fraction  of  a  division  to  which  each  of  the  deflec- 
tions V  and  V  can  be  read. 

405.  When  the  insulation  resistance  of  a  cable  is  measured  by 
the  foregoing  method,  the  result  obtained  is  a  mean  of  the 
resistances  which  the  cable  has  at  the  commencement  and  at 
the  end  of  the  test,  as  electrification  (§  385,  page  332)  goes  on  the 
whole  time  the  charge  is  falling. 

406.  Experimental  results  show  that  in  the  case  of  a  cable 
whose  core  is  insulated  with  gutta-percha,  if  the  cable  be 
charged  ten  seconds  before  taking  the  discharge  V,  and  again 
ten  seconds  before  insulating  it  preparatory  to  observing  the 
discharge  «,  then  the  value  of  E  after  one  minute,  obtained 
from  the  formula,  agrees  with  that  obtained  by  the  constant 
deflection  method  given  in  the  last  chapter  (§  383,  page  831). 
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407.  If  we  know  the  potential  which  the  cable  has  when 
fnlly  charged,  and  also  its  potential  after  a  certain  time,  we  can 
determine  the  potential  it  will  have  after  any  other  time,  in  the 
following  maimer ; — 

A  charged  cable  loses  equal  percentages  of  its  charge  in 
equal  times,  that  ie  to  say — if,  for  esample,  5  per  cent,  of 
its  charge  were  lost  during  the  first  second,  then  5  per  cent,  of 
vhat  remained  would  be  lost  in  the  second  second. 


and  let  as  suppose  the  charge  loses  -th  of  its  potential  during 

the  first  second  ;  then  the  potential  at  the  end  of  first  second 
will  be 


and  the  potential  at  end  of  second  second  will  be 


but  from  last  eqnatio 


M 


therefore,  substituting  this  value  in  [A]  the  latter  becomes 

=)       which  equals      ^  ( v)  ' 
and  consequently  the  potential  at  the  end  of  I,  seconds  will  1: 


Also  we  must  have 


nv)'"  = 
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and 


<•  = 


that  is, 


log^  log- 

For  example. 

The  potential  at  first  was  300  (V),  and  after  20  seoonds  lt^  it 
feU  to  200  (tj).    After  what  time  (<,)  would  it  fall  to  100  («|)? 

,      300  2-4771213 

^^100^„^      2-0000000      „^      ^. 
'«  =  .-^^  2^  =  274771213^^ 
^*^^200  2-3010300 

408.  It  being  usually  required  to  know  the  time  the  charge 
in  a  cable  will  take  to  fall  to  half  charge,  the  formula  becomes 

•30103    , 
<2  = y  •«!- 

log- 

409.  The  formulse  we  have  given  are  capable  of  variotis 
modifications,  which,  however,  are  more  of  a  fanciful  than  of  an 
actual  and  practical  value. 

Thus  the  formulsD 

T  T 

E= — — ^    and    F  = 


Flog.-  Elog.1 

V 

may  be  simplified  if  we  make  »  =  -77,  for  in  this  case 

V 

log.-  =  log.2  =  -693; 
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To  obtain  experimentally  the  time  occupied  in  falling  to  half 
charge,  repeated  trials  would  be  neceasary,  and  the  time  taken 
in  doing  this  would  hardly  oompensate  for  the  advantage  of 
using  a  eimpler  formula. 

The  object  of  obtaining  the  time  of  fall  to  half  charge  iB  to 
get  a  convenient  unit  for  comparison  with  other  cables,  and  this 
time  of  fall  ia  easily  calculated  from  the  formula  before  given, 
in  which  the  potential  after  any  time  may  be  used,  thia  being 
obtained  by  one  observation  only, 

410.  A  useful  formula  is  that  suggested  by  Mr.  W.  H.  Preece, 
■which  18  obtained  in  the  following  n 

In  the  equation 

■30103 


let  n  =  percentage  of  lose  in  timo  f,,  then 

(V-  «,)100, 
n-  ^ 

therefore 

„  100  -  n 

"'  =  ^-Too- 

Substituting  this  value  of  v,  in  the  above  equatio 

■30103 

Toe 

lOO"- 
For  &tam:pU. 

If  a  cable  lost  20  per  cent,  of  its  charge  in  5  minutea ; 
many  minutes  would  it  fall  to  half  charge? 
30103 


I 


"  2'000  -  log(100  — 
411,  From  the  equations 


v(;>  = 
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we  can  find  what  would  be  the  potential,  v„  after  a  Oertain 
interval  of  time,  t^  the  potential  at  first,  and  the  potential  V|, 
after  a  time,  ^i,  being  given. 

Thus  we  have  from  these  two  equations 

therefore 

.„  /Vi\  — 


-v(|)« 


This  formula  we  should  have  to  work  out  by  the  aid  of 
logarithmic  tables. 

For  example. 

The  potential  of  the  charge  in  a  cable  when  fall  was  300  (V). 
After  20  minutes  {ti)  the  potential  fell  to  200  (vj).  What  'would 
be  the  potential  Vj  at  the  end  of  80  minutes  (^2)  ^ 

200\^      ^^^  /2\t 


log  2=    -8010300 
log  3  =    '4771213 

1-8239087 
3 


2)1: 


4717261 


1- 7368631 
log  800  =  2-4771213 


2-2129844  =  log  of  163 '3. 


(    345    ) 


CHAPTER  XVII. 

localisation  of  falt^ts  by  fall  of  potentials. 
Claek's  Method. 

412.  In  Fig.  108  in  the  last  chajiter.  if  6  c  -were  a  portion  of 
a  cable  making  full  earth  at  c,  then  by  tlie  method  described 
for  determining  6  c  we  Khould  find  the  position  of  the  break. 

Supposing,  however,  a  cable  had  a  fault  which  did  not  mate 
fall  earth,  then  the  potential  would  not  fall  to  zero  at  that 
point,  but  would  have  a  value  depending  upon  the  resistance 
of  the  fault.  The  potential,  howeTer,  would  be  the  same  aa  the 
potential  at  the  further  end  of  the  cable,  provided  that  end 
were  insulated. 

If  we  can  determine  the  value  of  this  potential  we  can  readily 
localiee  the  position  of  the  fault. 


In  Fig.  109  let  6  e  be  the  cable  which  has  a  fault  at  e,  the 
end  of  the  cable  at  e  being  insulated ;  and  let  E  be  a  ] 
between  the  battery  and  the  end  of  the  cable  6,  then 

therefore 


«[(V- 


"O  -  (« 


..)]=K  (»  =  .,); 


a- ?,)-(»■ 


r 


that  is. 
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=  E^ 


[A]^ 


413.  If,  as  explained  in  tte  last  teat  {§  397,  page  337),  ■ 
once  determine  the  value  of  V  —  e,  by  connecting  the  wires 
from  the  condenser,  &G.  {or  &om  the  galvanometer  and  high 
resistance),  to  the  points  a  and  b,  then  if  we  call  v'  this 
difference  of  potential,  we  get  ^ 


=  11- 


[B] 


ili.  In  order  to  determine  the  relative  values  of  the  poten- 
tials at  the  two  ends  of  the  cahle,  their  values  with  reference  to 
BOme  atandard  of  potential  or  eleotromotive  force  must  he 
obtained.  For  this  purpose  any  of  the  standard  cells  mentioned 
in  Chapter  VII.  (page  118)  may  be  used. 

The  way  in  which  such  standard  cells  would  be  employed  for 
making  the  teat  we  have  been  considering,  would  be  as  follows : — 

The  electrician  at  a  charges  a  condenser  from  one  of  the 
standard  cells,  and  notes  the  discharge  deflection  on  his  galva- 
nometer. This  deflection,  then,  represents  the  potential  of  the 
cell. 

The  wires  from  the  standard  cell  are  now  diaconnected,  and 
one  wire  ia  connected  to  earth,  and  the  other  to  a,  and  again  a 
discharge  reading  is  taken ;  then  this  reading,  divided  by  the 
reading  obtained  with  the  atandard  cell,  gives  the  value  of  V  in 
terms  of  the  standard  cell.  The  wire  at  a  is  then  disconnected 
and  joined  to  b,  and  another  discharge  measured,  which 
divided  by  the  8ta,ndard  discharge  gives  the  value  of  v  in  tei 
of  the  standard  cell. 

The  electrician  at  the  other  end,€,  of  the  cable  makes  a  similar 
test,  and  thus  determines  the  value  of  v,. 

Since  the  standard  cells  at  the  two  stations  are  exactly  equal 
in  electromotive  force,  the  relative  values  of  V,  v,  and  Cj  will  b6_ 
obtained  exactly. 

The  capacities  of  the  condensera  at  the  two  stations,  it 
be  observed,  need  not  be  alika. 


ForeL 


11  be 


The  discharge  deflection  obtained  from  a  condenser  at  station 
e  with  a  standard  cell,  was   180  divisions ;  and  the  potential 
V,,  measured  from  the  same  condenser,  gave  a  discharge  defleo;^ 
tion  of  360  divisions  ;  therefore 


'  180 


=  2-0. 
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At  tbe  otter  end  of  the  cable,  from  a  standard  cell  of  tho 
same  electromotive  force  as  the  one  employed  at  station  e,  a 
discharge  deflection  of  150  divisions  was  obtained  from  a  con- 
denser. The  potentials  V  and  v,  measured  with  the  same  con-  ■ 
denser,  gave  defleotions  equivalent  to  2550  and  1060  divisionB 
respectively ;  therefore 

r.  T  =  ^^  =  17-0. 


t 


150 

_  1050^ 

"    150  " 


E  was  equal  to  1000  ohma.     What  was  the  value  of  «  ? 


17  - 


=  500  ohms. 


showing  that  the  fault  was  500  ohms  distant  from  the  end  6  of 
the  cable.  If  the  length  of  the  cable  were,  say,  80  knots,  and 
its  total  conductivity  resistance  800  ohms,  or  10  ohms  per  knot, 

then  the  distance  of  the  fault  from  6  would  bo  y^-,  or  60,  knots. 

The  value  of  «,  when  obtained  at  e  would  be  telegraphed  to 
b ;  this  could  be  done  since  the  cable  would  not  be  entirely 
broken  down. 

If  the  potentials  are  measured  by  ob.serving  the  permanent 
deflections  obtained  through  a  high  resistance  (§  286,  page  249), 
the  observations  with  the  standard  cells  must  be  made  in  the 
same  manner. 

415.  In  making  the  teat  we  ^re  are  liable  to  make  errors  in 
V,  V,  and  if|,  and  these  errors  will  produce  the  greatest  total 
error  in  a,  when  the  errors  in  V  and  Pi  are  minus,  and  the  error 
in  V  is  plus;  let  each  of  the  errois  be  S,  and  let  A  be  the  total 
error  produced  in  lo,  we  then  have 


a-)- A,  =  K 


^v-v,  +  28 
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therefore 

"     L»^^  ^Y-v^2B~   J"    («-r.)(V-i»-28)' 
but,  since  8  is  small,  we  may  say 

28(V-r.) 

^-«'(„_„.)(V-.)' 
or 


Asa; 


(f-fOCCV-rO-Cf-".)] 


Now  if  we  regard  (V  —  Vi)  as  a  constant  quantity,  then  in 
order  to  make  A  as  small  as  possible  we  must  make  the  deno- 
minator of  the  fraction  as  small  as  possible;  from  (§  398,  page  837) 
we  can  see  that  in  order  that  this  may  be  the  case  we  must  make 

(y  -  Vi)  = , 

that  is  to  say,  we  must  make  R  approximately  equal  to  x. 

In  the  case  of  formula  [B]  (page  346)  the  conditions  for 
making  the  test  in  the  most  satisfactory  manner  are  slightly 
diflferent  from  the  foregoing ;  for  since  (V  —  v)  in  this  case  .is 
obtained  by  a  single  measurement,  v\  there  can  be  but  one 
error,  8,  in  it.    We  have,  in  fact, 

L© «  n      V  -  v  -  a       J       (» -  vO  (V  - 1?  -  8/ 

but,  since  8  is  very  small,  we  may  say 

8(2Y-.-rO 


or 


8  [2  (V  -  rQ  -  («  -  ..,)] 

("-"O  [(V  -  «x) -(«-».)] " 

Now  this  equation  is  of  the  same  form  as  equation  [F] 
(page  86),  consequently  the  investigation  there  given  may  be 
appied  to  the  present  case.  In  the  latter,  the  coefi&cients  of 
(Y  —  Vi)  and  (v  —  »,)  are  2  and  —  1  respectively ;  if  therefore,  in 
equation  [G]  (page  86)  we  substitute  —  i  for  h,  and  also  if  we 
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Bubstitute  X  and  E,  for  Cj  and  C,,  reBpectively,  we  shall  obtain 
tie  conditions  we  require;  we  have  t&en 

•-«.- v^T^%Tl- "■  ^ -•■  =  <"- -'(71 +  0 

=  (y  -  «i)  1-7071; 
tliat  is  to  say,  we  must  havo 

B  =  1-T071a!. 
Fiaotically  we  may  Bay,  make 

n  =  2x 

approximately. 
We  have  therefore 

Beat  Conditions  for  making  the  Teat. 
416.  In  the  case  of  formula 


make  R  a]i  proximately  equal  to  x. 
in  the  case  of  formula 


f 


make  K  approximately  equal  to  2  x. 

PMSifcfe  Degree  of  Aceuraci/  attainahle. 
In  the  case  of  formula  [A] 


T,  ,  .  8  (V  -  «,)  200 

I'ercentage  of  accuracy  = .  -  —        ' 


In  tbo  case  of  formula  [B] 

Percentage  of  accuracy  = 


[B] 


8  (2  "'  +  " 


SfEMENs'  EqtrAi,  Potential  Method. 

*  417.  In  Fig.  110  lot  B  E  be  the  cable  which  haa  a  fault  at  f, 
"  y  being  the  diBtanoes  on  either  side  of  tba  faalt,  and  ;the 
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equivalent  length  of  the  latter.  Suppose  that  one  pole  of  a 
battery  is  connected  at  B,  the  other  pole  being  to  earthy  then  if 
the  end  of  the  cable  at  E  is  insulated  we  shall  have,  as  in  the 
last  test,  the  potential  at  E  to  be  the  same  as  the  potential  at 


Fig.  110. 


the  fanlt.  Next  suppose  that  the  battery  at  B  is  removed,  and 
that  that  end  of  the  cable  is  insulated ;  then,  if  a  battery  is 
connected  to  E,  of  such  a  strength  that  the  potential  at  the 
fault,  and  therefore  at  B,  is  the  same  as  was  the  potential 
at  E  in  the  first  case,  then  Yj  will  be  the  new  potential  at  £L 
Now, 

Vi  -  ©i  :  V2  -  ©i  : :  a?  :  y , 
therefore 

a?  _  V,  —  «! 

If  I  be  the  length  of  the  cable,  then 

I  =  X  +  y,     or,     y  =:l  -  x; 


therefore 


that  is. 


or 


X 


Vi  ^v. 


I  -  X       Va  -  t;/ 
x^l  ^-^^ 


For  example. 

In  a  faulty  cable  500  knots  (I)  long,  after  adjusting  the 
potentials  according  to  the  foregoing  method,  the  values  of  the 
same  were  found  to  be 
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V,  =  200, 
V,  =  300, 
D,  =  40. 
What  was  the  distance  (a;)  of  the  fault  from  B  ? 

'  -  °°°  (300  -  /o)°+"(200  -  40)  '"'■'  '"""■■ 

418.  In  making  the  t«6t  practically,  the  following  coBrBe 
would  be  pursued : — 

Station  B  first  connocta  one  pole  of  a  battery  direct  on  to  the 
cable,  the  other  pole  being  to  earth,  whilst  E  insulates  his  end 
of  the  cable.  This  being  done,  B  notes  the  potential  V,,  and 
E  the  potential  v,.  When  B  thinks  that  sufficient  time  has 
elapsed  for  E  to  have  taken  hia  obsorvation,  he  removes  the 
battery  and  insulates  his  end  of  the  cable.  B  noting  that  hia 
potential  has  fallen  to  zero,  connects  up  hia  speaking  apparatus, 
and  B  having  done  the  same,  E  communicates  to  B  the  result 
he  has  obtained. 

Station  E  now  connects  up  hie  battery  to  the  cable,  taking 
care  that  the  pole  connected  to  the  latter  is  similar  to  that 
employed  by  B  in  the  first  instance.  The  latter  observes  the 
potential  at  his  end  of  the  cable,  and  if  it  is  not  the  same  as 
that  previously  obtained  at  E,  he  informs  the  latter,  by  means 
of  signals  agreed  upon,  that  such  is  the  case,  whereupon  E 
increases  or  decreases  his  battery  power,  and  regulates  it  by 
varying  a  resistance  in  its  circuit  until  the  potential  at  B  is 
made  the  same  as  it  was  at  E  on  the  first  occasion.  The 
potential  Vj  is  tben  noted  by  E,  and  the  result  being  reduced 
to  terms  of  a  standard  cell,"  is  communicated  to  B.  The  latter 
station,  having  also  reduced  hia  results  to  terms  of  a  standard 
cell,  then  works  out  the  formula,  and  thus  determines  the 
position  of  the  fault. 

419.  For  localising  faults  in  loBg  cables  this  method  is  more 
accurate  than  the  previous  one,  as  it  is  not  bo  much  influenced 
by  the  reaattarU  fault  f  produced  by  the  conductive  power  of  the 
insulating  sheathing,  more  especially  if  the  fault  is  near  the 
middle  of  the  cable. 

It  must  be  understood  that  both  tests  are  only  accurate  in 
cases  where  the  total  insulation  resistance  of  the  cable  is  very 
high  compared  with  the  resistance  of  the  fault,  for  in  snch 
cases  the  fall  of  potential  is  practically  represented  by  ft  straight 
line,  and  the  foimulra  are  constr united  on  this  assumption. 
*  See  page  34&  f  Bee  ptige  230,  §  Z61. 


r 
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galvanometer  very  high,  but  equal,  reaistancea.  Station  A,  say, 
DOW  adjusts  B,  and  watches  the  effect  on  his  galvanometer ;  B 
also  watches  the  effect  on  his  own  galvanometer,  and  from  time 
to  time  signals  to  A  the  deflection  he  obtains  ;  this  eignaUiugis 
easily  done  by  having  the  front  contact  of  a  well-inenlated  iey 
connected  to  the  end  of  the  cable,  and  the  back  contact  connected 
to  earth,  whilst  the  lever  of  the  key  is  connected  to  one  terminal 
of  a  email  condeneer  whose  second  terminal  is  to  earth.  By 
pressing  down  this  key  a  small  quantity  of  the  charge  in  the 
cable  will  nish  into  the  condenser,  and  a  momentary  movement 
of  the  galvanometer  needle  at  station  A  will  he  produced  ;  by 
arranging  then  that  bo  many  movements  shall  represent  a 
particular  deflection,  B  can  easily  communicate  his  results  to  A. 
When  exact  adjustment  la  obtained,  that  is  to  eay,  when 
(T,  —  Pi)  and  (V,  —  t,)  are  equal,  the  galvanometera  are  dis- 
oonneoted  from  either  aide  of  r  and  r,  and  the  potential  e,  is 
measured ;  tc  is  then  obtained  from  the  formula 


where  e'  equals  (Y,  —  v,),  as  in  the  "  Fall  of  Potential  Method^" 
of  measuring  a  resistance,  page  336. 

423.  To  make  the  Ibregoing  test  as  accurately  as  possible  it  is 
advisable,  fur  the  reason  eicplained  in  §  398,  page  337  (after 
the  value  of  «  has  been  obtained  by  a  rough  test),  to  adjust 
r  and  r  so  that  they  shall  each  be  approximately  equal  to  x. 

With  regard  to  the  "Possible  degree  of  accuracy  attainable," 
we  are  liable  to  make  an  error  in  obtaining  the  value  of  V|  —  b,, 
but  inasmuch  as  Vi  —  v,  may  itself  contain  an  error  due  to 
V,  —  »2  being  incorrectly  measured,  the  actual  total  error  which 
may  exist  in  x  must  be  twice  that  given  by  formula  [C] 
(page  339);  consequently  we  have 

Best  Conditiona  for  making  the  Test, 

Make  r,  r,  each  approximately  equal  to  se, 

Pimibte  Degree  o/Aecuraci/  attainable. 


where  B  is  the  fraction  of  a  division  to  which  each  of  i 
defleotiona  can  be  read. 


(    355    ) 


CHAPTER  SVIII. 

TESTS  DURING  THE   LAYING   OF  A  CABLE. 

Hi.  The  immediate  detection  of  a  fault  ■which  may  occur  ia 
a  cable  during  its  suhmersion  is  a  point  of  groat  importance.  To 
enable  this  to  be  done,  a  good  Bystera  of  testing  ia  requisite. 

Whatever  the  system  be,  it  should  be  a  continuous  ooe,  that 
is  to  aay,  the  cable  should  be  continuously  and  visibly  under 
test,  so  that  the  moment  a  fault  occurs  it  may  be  detected  by 
the  ship  and  traced. 


System  for  Compounl  Cables. 

425.  Tor  laying  cables  ■which  are  not  more  than  200  miles  or 
ao  in  length,  and  which  have  several  wires,  the  method  shown 
by  Fig.  112  may  be  employed. 

In  this  Byatem  the  wires  are  all  connected  up  in  one  con- 
tinuous length  as  shown.  Should  there  be  an  odd  number  of 
wires,  the  odd  one  would  have  to  be  coupled  on  to  one  of  tlie 
others  in  "  multiple  arc." 

FiQ.  112. 


Earth 


In  Fig.  112,  g,  and  g^  are  two  ordinary  "  detector"  galvimo- 
meters  well  insulated.  The  battery  e,  of  one  or  two  cells  (also 
well  insulated),  keeps  a  continuous  current  circulating  through 
these  galvanometers  and  the  conducticg  wires  of  the  cable ; 
this  serves  as  a  "  continuity  "  test,  for  if  any  of  the  wires  should 
break  within  their  insulating  sheathing,  the  circuit  becomes 


r 
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interrupted,  and  consequently  the  needles  of  both  galyaco- 
meteiB  ■will  fall  bac^k  to  zero.  In  the  case  of  a  cable  with  an 
odd  number  of  wires,  should  the  conductor  of  either  of  the  two 
which  are  coupled  together  become  broken,  then  ihe  needles 
will  only  fall  back  a  little  way  and  not  back  to  zero  ;  tbia.  how- 
ever, will  bo  quite  aufficient  to  indicate  that  the  conductor  is 
fractured. 

The  galvanometer  G  is  of  the  marine  deBcription,  shown  on 
page  4G,  and  is  connected  to  one  of  the  wires.  The  battery  E, 
of  about  200  cells,  keepe  a  continuous  current  flowing  through 
the  galvanometer  and  through  the  insulating  covering  of  tte 
■wires.  If  a  fault  occurs  in  the  insulation,  the  current  by 
escaping  direct  to  earth  causes  an  immediate  and  very  large 
increase  in  the  deflection  of  the  needle  of  G. 

Jn  order  to  keep  up  communication  with  the  shore,  the 
current  Irom  battery  e  is  reversed  after  certwn  equal  intervals 
of  time.  If  the  shore  perceives  that  the  reversal  has  not  taken 
place,  or  that  the  needle  of  g,  is  not  steadily  deflected,  he  knows 
that  something  has  gone  wrong,  or  that  the  ship  tvisbi^s  to 
communicate  with  him,  and  he  joins  up  his  speaking  apparatOB 
and  tries  to  communicate  with  the  snip.  The  galvanometers 
g,  and  g,  oould  be  used  for  this  pui-poae  by  having  loeH- insulated 
keys  inserted  in  their  circuit  at  the  ship  and  shore,  th<'se  keys 
being  so  arranged  that  their  depression  breaks  the  circuit ;  the 
movements  of  the  needles  could  then  be  -worked  according  to 
the  ordinary  Moise  code,  and  communication  bo  kept  up  will 
interrupting  the  insulation  test. 


Ststesi  foe  Single  Wire  Cables. 


ho^_ 


426.  The  method  just  described  is  only  applicable  to  a  cable 
which  has  more  than  one  ■wire,  for  although  ■with  the  latter  the 
insulation  test  would  be  kept  up,  there  wonld  be  no  means  of 
communicating  with  the  shore.  In  such  cases  the  following 
plan  may  be  adopted ; — - 

The  end  of  the  cable  on  board  the  ship  is  well  insulated  and 
connected  to  a  battery  and  Thomson  galvanometer  as  in  the 

I  previous  test  and  as  shown  by  Fig.  113,  On  shore  {Fig.  114)  a 
condenser  is  provided,  one  terminal  of  which  is  connected  to  a 
brass  lever  which  plays  between  two  insulated  contacts ;  one  of 
thone  contacts  is  connected  to  the  second  terminal  of  the  con* 
denser,  which  latter  terminal  Is  also  connected,  through  a 
Thomson  galvanometer,  to  earth  ;  the  other  contact  is  connected 
to  the  conductor  of  the  cable  The  battery  connected  to  the 
cable  on  board  the  ship  charges  the  former  to  a  certain  potenti«^_ 
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and  the  value  of  this  potential  will  be  the  same  throHghout  the 
■whole  length,  provided  no  fault  exists.  If  the  lever  ou  shore  be 
moved  against  the  contact  connected  to  the  cable,  a  portion  of 
the  charge  in  the  latter  will  rush  into  the  condenHar  and  will 
ohai^  up  the  set  of  plates,  to  whiuh  it  ia  conneoted,  to  the  samB 


potential  as  the  cable ;  the  second  set  of  plates  will  become 
charged  to  the  opposite  potential  by  a  charge  rushing  in  from 
earth  through  the  galvanometer;  this  in-rush  will  produce  a 
tliroui,  or  momentary  deflection  of  the  needle,  the  amonnt  of 
which  will  represent  the  potential  of  the  charge  in  the  con- 
denser, that  is,  the  potential  at  the  end  of  the  OBhle,  If  now 
the  lever  be  moved  from  the  cable  contact  to  the  contact  con- 
nected to  the  condenser,  the  latter  will  be  short  circuited  and 
discharged.  The  rush  of  the  charge  into  the  condenser  when 
the  latter  is  connected  to  the  cable  contact,  produces  a  simol- 
taneouB  rush  into  the  cable  from  the  battery  on  the  ship,  and 
as  this  takes  place  throagh  the  galvanometer  on  board  the  ehip 
a  Budden  throw  is  produced  on  the  needle.  Now  if  a  fault 
occurs  during  the  laying,  the  »leady  deflection  on  the  ship's  gal- 
vanometer, which  is  due  to  the  flow  of  cnrrent  through  the 
dielectric  of  the  cable,  and  which  is  distinct  Irom  the  throw 
which  takea  place  when  the  condenser  becomes  connected  to  the 
cable  at  the  shore  end,  becomes  greatly  increased  and  renders 
the  presence  of  the  fault  evident  immediately.  On  the  shore 
the  effect  of  the  fanlt  is  to  reduce  the  potential  at  that  end  of 
the  cable,  and  consequently  the  charge  which  the  condenser 
takes  becomes  correspondingly  reduced  ;  when  then  the  con- 
denser becomes  charged  through  the  galvanometer  a  reduced 
throw  is  produced,  which  thus  shows  the  shore  the  existence  of 
the  fault. 

The  lever  on  shore  which  charges  and  disfharges  the  con- 
denser is  moved  by  clockwork  which  causes  it  to  act  every  five 
minutM,  BO  that  every  hour  twelve  throws  are  observed  un  each 
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galvanometer.  At  tie  end  of  every  hour  the  ship  reverses  the 
battery  bo  that  the  directioD  of  the  throws  is  changed. 

In  order  to  enahle  the  ship  to  comninnicate  with  the  ahora, 
iniitniotiona  are  given  that  if  at  the  end  of  the  hour  the  throira 
do  not  become  reversed,  or  if  they  become  reversed  before  the 
expiration  of  the  hour,  it  is  a  sign  that  the  ship  Tvishes  to 
Gommunioato  with  the  shore  ;  in  this  case,  then,  the  share  dis- 
oonnectB  the  cable  from  the  clock  lever  and  connects  it  with 
the  speaking  apparatus,  and  as  the  ship  does  the  same,  the 
necessary  commimi cations  can  be  carried  on.  ]f,  on  the  other 
hand,  the  shore  wishes  to  call  the  attention  of  the  ship,  ho  can 
do  BO  by  moving  a  lever,  corresponding  to  the  clock  lever,  two 
or  three  times  quickly  by  hand ;  the  ship  then  observing  that 
the  throws  on  her  gaIvanome1«r  take  place  quickly,  instead  of 
at  intervals  of  five  minutes,  immediately  joins  up  her  speaking 
apparatus,  and  thus  communicates  with  the  shore. 

The  movement  of  the  lev-er  L  in  the  foregoing  system  of 
testing  is  effected,  as  has  been  pointod  out,  by  means  of  a  clook, 
but  L  may  be  a  hand-worked,  key,  and  this  is  sometimes  pre- 
ferred, as  although  a  clock  enstires  the  discharges  being  obtained 
after  regular  intervals  of  time,  yet  the  hand  method  ensures  the 
neceesaiy  vratt;hfulness  of  the  electrician  on  shore,  which  is  a 
point  of  importance,  ^h 

WiLLOUGHBY    SmiTh's   SYSTEM.  ^H 

427.  For  long  single-wire  cables  a  refinement  of  the  fore- 
going method,  devised  by  Mr.  Willoughby  Smith,  has  been 
adopted.     This  system  ia  shown  by  Figs.  IIS  and  116. 

On  shore,  the  cable  is  connected  to  a  key  E,  galvanometer 
Gj,  and  condenser  C,  as  in  the  last  method  of  testing.  To  the 
cable  there  is  also  connected  e,  resistance  in  circuit  with  a  gal- 
vanometer G.  This  resistance  is  very  mneh  greater  than  the 
total  insulation  resistance  of  the  cable,  and  consequently  it  does 
not  appreciably  affect  the  potential  measured  by  the  key  K, 
whilst  it  allows  sufficient  current  to  pass  through  the  galvano- 
meter G  to  produce  a  aensible  deflection  of  its  needle. 

The  high  resistance  is  made  of  seleninra,  and  it  must  be 
carefully  excluded  from  light,  and  kept  at  as  uniform  a  tem- 
perature as  possible,  otherwise  it  will  vary  considerably. 

On   the  ship   the  cable   is  conneoted    to  a   slide   reeistanoe 
Wheatstone  bridge  similar  to  that  described  in  Chapter  VD 
page  188. 

The  working  of  the  apparatus  ia  then  as  follows  :■ 
Bareinaerted  at  j),  and  f j  and 
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tept  on  the  galvanometer  G,  by  adjuating  the  slides  of  the  slide 
rosistances,  the  resistance  B  being  preserved  constant.  This 
gives  the  insulation  resistance  of  the  cable. 

Galvanometer  Gs  is  kept  short  circuited  under  ordinary  con- 
ditions, it  being  only  used  occasionally  for  the  purpose  of  ascer- 
taining whether  the  batt«rie8  are  in  good  condition. 


Should  it  be  thought  advisable,  as  a  obeolc,  to  taie  an  ordinary 
deflection  insulation  test,"  this  can  be  done  by  removing  the 
plugs  Pi  and  p, ;  the  current  then  passes  direct  from  the  battery 
through  the  galvanometer  G,  into  the  cable. 

•  Pass  8S1. 
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On  shore  the  potential  at  the  end  of  the  cable  is  olMieirved  on 
Ot  hj  depressing  the  key  E  every  five  minutes.  The  defleotioiu 
obtained  are  carefully  noted  and  recorded. 

The  battery  E  is  reversed  every  fifteen  mihntes  by  the  ship, 
and  this  is  observed  on  the  galvanometer  G  and  sho'WB  that  thi 
conductor  of  the  cable  is  entire.  If  the  ship  requires  to  com- 
municate with  the  shore  it  reverses  the  battery  several  times 
after  short  intervals;  this  is  acknowledged  by  the  shore  by 
means  of  his  key  E ;  when  this  is  done,  the  shore  moves  over  hu 
switch  Si  and  receives  signals  from  the  ship  on  galvanometer 
Os  through  the  medium  of  the  condenser  Gf  'Hie  insolatioii 
test  is  not  interrupted  by  this  signalling,  as  the  cable  remaiiis 
insulated  the  whole  time.  The  enect  of  working  the  signalling 
key  Es  is  only  tq  add  or  subtract  a  little  from  the  charge  in 
the  cable  through  the  medium  of  the  condenser  and  therebyto 
produce  momentary  deflections  on  the  galvanometer  Ot^  The 
same  in  the  case  when  the  shore  signals  to  the  ship,  the  switch 
St  being  moved  over  to  key  Ei  for  that  purpose. 

Various  slight  modifications  have  been,  and  are,  employed  in 
practically  using  this  method,  but  the  general  arrangement  is 
that  which  has  been  indicated. 


JOINT-TESTINQ. 

428.  Joints  are  the  weak  points  in  a  catle,  and  it  is  there- 
fore essential  that  they  should  be  not  only  carefully  made  but 
carefully  tested. 

A  joint,  being  a  very  short  leng'th  of  the  core,  offers,  or  should 
offer,  a  very  high  roaistance ;  it  would  coneequently  he  impos- 
sible  to  teat  it  by  a  direct  deflection  method,  that  is,  a  method 
similar  to  that  by  which  the  insulation  reeistanoe  of  a  cable  is 
taten  (page  3311,  Even  with  a  very  powerful  battery,  the 
galvanometer  denection,  provided  the  joint  were  good,  would  be 
quite  inappreciable.  One  or  other  of  the  following  methods 
must  therefore  be  adopted. 

A  condenser  can  be  charged  through  the  mediam  of  the  joint 
and  after  a  noted  time  the  discharge  taken,  which  gives  the 
amount  which  has  leaked  through  the  joint.  This  is  known  as 
Clark'i  accumfdation  method. 

Or  a  charged  condenser  may  be  allowed  to  discharge  itself 
through  the  joint,  and  the  amount  lost  after  a  certain  time 
noted. 

In  both  these  methods  the  diseharge  deflections  are  compared 
with  the  results  obtained  with  a  few  feet  of  perfect  core. 

H  Ci^rk's  Accomulatioh  Method. 

!■  429.  A  gutta-percha  or  ebonite  trough  is  provided,  which  is 

■■'Bnspended  by  long  ebonite  rods  from  any  convenient  hook. 

The  good  insulation  of  the  trough  is  a  point  of  great  im- 
portance, and  consequently  the  suspending  rods  should  be  quite 
dry  and  clean.  The  most  effectual  way  of  obtaining  this  restilt 
is  to  well  scour  the  surface  of  the  ebonite  with  a  glass  or  emery 
paper ;  this  is  a  much  bettor  method  than  covering  the  surface 
with  hot  parafGn  wax  as  is  sometimes  done. 

430.  We  may  here  remark  that  gurface  leakage  is  almost  the 
only  medium  of  loss  to  be  feared  in  electrical  apparatus,  and  this 
should  always  be  seen  to  by  keeping  all  surfaces  over  which 
leakage  is  likely  to  occur,  in  a  proper  condition.  The  peculiar 
fprmatioQ  of  ebonite  causes  minute  quantities  of  sulphurlo  add 
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to  form  on  its  surface,  so  that  the  latter  should  be  often  rubbed 
over  with  a  dry  cloth.  Hot  paraffin  wax  painted  over  the  dry 
surfaces  is  very  advantageous,  but,  where  appearance  is  im- 
material, nothing  is  so  efifectual  as  a  surface  well  soonred  with 
glass  or  emery  paper. 

431.  The  trough  is  filled  with  water,  and  the  joint  to  he 
tested  is  immersed  and  held  down  in  it  by  two  hooks  plaoed  at 
the  bottom. 

The  portion  of  the  core  on  either  side  of  the  joint  should  be 
carefully  dried  (not  paraffined),  for  the  same  reason  that  the 
suspending  rods  were  so  treated. 

The  connections  for  the  test,  shown  by  Fig.  117,  are  very 
similar  to  those  shown  by  Fig.  77,  page  240 ;  the  only  difference 

Fig.  117. 


xJoirvt 


being  that  the  pole  of  the  battery,  which  in  that  figure  was 
connected  directly  to  the  condenser,  is,  in  the  joint  test,  con- 
nected to  it  through  the  medium  of  the  joint.  The  battery 
used  should  be  as  large  as  possible ;  200  cells  is  the  number 
very  commonly  employed. 

432.  After  the  joint  is  placed  in  the  trough  for  testing,  it  is 
necessary  to  see  that  the  latter  is  sufficiently  well  insulated* 
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To  do  this  the  pole  of  the  battery,  whicli  for  the  regular  test 
would  be  connected  to  the  core,  nmst  be  connected  to  the  wire 
attached  to  the  plate  in  the  trough,  and  the  discharge  key 
pressed  down ;  this  charges  the  condenser ;  the  battery  being 
then  disconnected  from  the  plate,  an  interval  of  time  (usually 
one  minute)  equal  to  that  which  ivould  be  occupied  by  the  teat 
of  the  joint,  is  allowed  to  elapse,  and  then  the  "  Discharge " 
trigger  is  pressed  and  the  discharge  noted ;  this  should  be  equal, 
or  very  nearly  so,  to  the  instantaneous  discharge. 

438.  The  good  insulation  of  the  trough  being  aatisfactorily 
obtained,  and  the  connections  being  made  aa  shown  by  Fig.  117, 
the  short-circuit  plug  of  the  condenser  must  be  inserted  in 
its  place,  the  diachftrge  key  pressed  down,  and  then  the  short- 
circuit  plug  removed  ;  the  lattery  then  charges  the  condenser 
through  the  joint. 

After  a  certain  time,  usually  one  minute,  the  discharge 
deflection  must  be  noted.  A  similar  measurement  must  also  be 
made,  using  a  length  of  perfect  core  in  the  place  of  the  joint. 
If,  in  the  latter  case,  the  discharge  deflection  after  the  same 
interval  of  time  is  much  less  than  that  obtained  from  the  joint, 
the  latter  is  defective  and  must  be  remade. 

434.  It  is  a  very  important  point  in  malting  the  test  to  insert 
the  short-circuit  plug  in  the  oondenaer  previous  to  depressing  the 
discharge  key  ;  if  this  is  not  done  an  induced  charge  is  thrown 
into  the  condenser  by  the  sudden  rush  of  the  battery  current 
into  the  core  when  the  discharge  key  is  depressed.  This 
induced  charge  will  give  a  coiiBiderable  deflection  when  the 
condenser  is  discharged,  which  deflection  is  in  no  way  due  to 
leakage  through  the  joint,  though  it  might  be  mistaken  for  each. 
By  keeping  the  condenser  short  circuited  this  induced  chaise 
is  dissipated. 

435.  If  the  joint  is  good,  the  discharge  deflection  seldom 
exceeds  two  or  three  divisions,  Indeed,  the  fact  that  it  does 
not  do  so  is  usually  a  quite  sufBoient  proof  of  the  soundness  of 
the  joint,  and  it  is  not  often  the  case  that  a  comparison  with  a 
piece  of  perfect  core  is  necessaiy. 

Discharge  Method. 

436.  This  is  a  reversal  of  the  foregoing  and  coneiste  in 
charging  the  condenser  full  and  letting  it  discharge  itaelf 
through  the  juint. 

The  connections  for  making  this  test  woiold  he  similar  to 
those  employed  in  measuring  high  resistances  by  the  fait  of 
charge  method  given  in  Chapter  XVI.,  page  339  (S  401),  the 
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one  end  of  the  core  taking  the  place  of  one  end  of  the  I'esistatice, 
and  the  plate  in  the  trough  th.e  plaoe  of  the  iither  end. 

The  flyutem  of  charging  the  condcoBer  througli  the  joint 
oannut  of  course  be  carried  out  unless  one  end  of  the  core  is  at 
hand  to  which  to  attach  one  pole  of  ihe  battery. 

When  a  joint  ie  made  in  a  cable  core  at  sea  neither  end  can 
be  got  at.  The  joint,  however,  conld  be  tested  by  making  the 
oonnectiona  as  for  the  last  method  of  testing,  only  instead  of 
joining  the  core  to  the  condenser  terminal,  the  latter,  and  also 
tlie  cable  end,  would  be  put  to  earth.  To  carry  out  the  test  in 
this  manner,  arrangeinenta  w-ould  have  to  be  made  with  the 
shore,  previous  to  the  mauufaoture  of  the  joint,  that  at  a  certain 
time  the  end  of  the  cable  shall  be  put  to  earth. 

The  first  method  conld  also  be  adopted  for  testing  at  eea  by 
using  an  earth  in  the  foregoing  manner. 

As  a  matter  of  fact,  joints  made  at  sea  are  never  tested,  though 
there  seems  no  rea^ion  why  they  should  not  be  so. 

437.  We  may  if  we  please,  in  both  the  foregoing  teats,  place 
the  galvanometer  between  the  back  terminal  of  the  key  and  the 
condenser,  and  join  the  two  terminals  from  which  it  was  re- 
moved by  a  piece  of  wire.  We  should  then  get  a  charge  ae  well 
as  a  discharge  deflection,  and  there  is  tliia  advantage,  that  if  the 
joint  is  very  bad  or  the  trough  not  well  insulated,  -w©  should 
get  a  permanent  deflection  after  the  charge  deflection  hae  taken 
place. 

438.  The  connections  should  always  be  so  made  that  the  zioo 
pole  of  the  battery  is  connected  to  the  core  and  the  copper  pule 
to  the  plate. 

439.  It  is  very  advisable  to  employ  a  special  condenser  for 
making  these  tests,  for  if  one  is  used  which  has  been  charged 
at  any  time  with  a  high  battery  power,  it  will  often  be  found 
that  a  portion  of  this  charge  will  have  become  absorbed,  and 
when  the  condenser  is  left  to  itself,  this  portion  will  beootue 
free   and  give   a   discharge   which  may  be   mistaken   for 

I    acGumalatioQ  through  the  joiat. 


Elbctroheter  Method. 


440.  Although  the  preceding  methods  of  testing  are  oftt_ 
the  only  ones  which  can  be  adopted,  yet  when  possible  it  is  best 
to  make  joint  tests  by  means  of  an  electrometer,  as  the  results 
are  always  more  trustworthy  than  those  obtained  by  the  con- 
denser method,  since  they  are  free  from  the  source  of  ©i 
mentioned  at  the  end  of  the  last  paragraph. 

Fig.  118  shows  the  connections  for  making  this  test,  whi( 
f'Bxaonted  in  the  following 


«^^ 
t^* 


JOINT-TESTING. 
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After  the  insertion  of  the  joint  in  the  trough,  the  insulation 
of  the  latter  must  be  tested ;  this  is  done  by  pressing  down  key 
K,  and  moving  the  switch  S  oyer  to  its  loeii-insulated  contact 
stop  s;  this  puts  the  ten-cell  battery  E,  in  connection  with  the 
qoadrants  of  the  electrometer,  and  thereby  charges  them  and 
causes  a  steady  deflection  of  the   needle.     Key  E,  being  kept 


depressed,  switch  S  is  now  opened  and  the  deflection  watched 
for  two  minutes  to  see  whether  there  is  any  sensible  fall  due 
to  the  charge  on  the  quadrants  leaking  to  earth  through  the 
medinm  of  the  trough;  if  this  loss  is  only  equal  lo  two  or 
three  divisions  the  insulation  of  the  trough  may  be  considered 
to  be  good. 

Key  E^  is  now  released  and  switch  8  closed  so  as  to  discharge 
the  electrometer.  Switch  8  is  now  again  opened  and  key  K, 
depressed  ;  this  puts  the  200-cell  battery  E,  in  connection  with 
the  core  of  the  cable,  and  the  momentary  msh  of  current  into 
the  latter  causes  an  induced  charge  to  rush  out  of  the  trough 
and  produce  a  sudden  deflection  of  the  electrometer  needle ;  it 
is  usual  to  record  this  deflection,  although  it  is  of  no  value, 
except  to  show  that  the  various  connections  have  been  properly 
made,  and  that  the  joint  has  been  placed  in  the  trough. 
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Key  Es  being  kept  depressed,  switch  S  is  now  moved  over  to 
«  (so  as  to  discbarge  the  electrometer),  and  then  again  opened. 
Tne  scale  of  the  electrometer  is  then  watched  as  the  cnrrent 
leaking  through  the  joint  into  the  trough  accumulates  and 
causes  a  gradually  increasing  deflection  of  the  needle;  the 
amount  of  this  deflection  should  be  noted  at  the  end  of  one  and 
two  minutes  after  the  opening  of  the  switch. 

After  the  observations  with  the  joint  have  been  made,  a  pieoe 
of  perfect  core  must  be  inserted  in  the  trough  and  a  similar  test 
executed,  the  results  of  which  should  not  differ  much  from  those 
obtained  with  the  joint.  It  always  happens  that  a  joint  gives 
a  greater  accumulation  than  an  equal  length  of  perfect  core, 
unless  indeed  the  joint  has  been  made  several  days  before  being 
tested,  which  is  seldom,  if  ever,  the  case. 
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CHAPTEK  XX. 

SPECIFIC  MEASUREMENTS. 

441.  In  order  to  comparo  the  relative  or  /ipeoific  "  Condiio- 
tivily,"  "  InHulfttion,"  and  "Inductive  capacity  "of  the  materiale 
used  in  the  coiLslruction  of  the  core  of  submarine  cableB,  it  ie 
necessary  that  they  ehonld  each  of  them  be  referred  to  Bome 
Btandard  unit  with  which  the  compariaon  con  be  made. 

Specific  Conductivitv. 

442.  'For  the  specific  conductivily  of  a  wire,  the  conductivity 
of  the  pure  metal  is  taken  aa  the  standard. 

Experiments  by  Dr.  Mattbiesaen  have  proved  that  1  foot  of 
pure  copper  wire  weighing  1  grain  has  a  resistance  of  •2262 
ohms  at  a  temperature  of  24°  Cent.,  which  w  equivalent  to  a 
resistance  of  '2261  ohma  at  75"  Fahr. ;  consequently,  I  feet  of 
such  wire  at  the  latter  temperature  will  have  a  reeistance 
of  I  X  ■2261  ohms.  But  I  feet  of  the  wire  will  weigh,  not 
1  grain,  but  I  grains,  and  therefore  the  resistance  of  {  feet 
weighing  1  grain  must  be  I  X  ■3261  x  I,  or,  I'  X  -2261  obms; 
and,  further,  if  the  /  feet  weighed  lo  grains  then  the  resistance 
would  be 

P  X  ■2261    , 
ohma. 


But,  again,  the  reBistaoce  of  the  wire  will  vary  with  the 
temperature,  consequently  to  obtain  the  Teaistance  at  any  parti- 
cular temperature  we  must  correct  the  same  by  means  of  a 
ooefficient  k ;  wo  have  then 

Resistance,  R,  of  I  feet  of  pure  copper)  _  P  X  -2261 
wire  weighing  w  grains  f  ~  m  j 

The  numerical  value  of  k  for  various  temperatures  is  given  in 
Table  IV.» 

Having  thus  obtained  a  simple  formula  which  expresses  the 

□  of  dorreetlDaa  Tor  tumperature  is  cooBidered  in 


I 

I 

I 
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relation  between  the  length,  &c.,  and  the  resisFttnce,  of  a  pnie 
copper  wire,  we  are  in  a  position  to  determine  the  epecific  con- 
ductivity of  any  cither  wire ;  for  having  measured  ofl'  a  definite 
length  of  the  Iatt«r  imd  asceituined  ils  weight.  terup<irature,  and 
resistance,  then  the  latter  compared  with  the  resietunce  of  a 
pure  copper  wire  of  the  eamo  length,  temperature  and  weight, 
gives  us,  by  direct  proportiouj  what  we  require, 

for  example. 

Suppose  the  length  of  our  sample  of  wire  was  20  feet,  ita 
weight  500  grains,  ite  reeietanoe  '200  ohms,  and  ita  Tempe- 
rature 60°  Fahr.  From  Table  IV.  we  get :  i  =  1  -  0323,  conse- 
quently we  have 

20  X  20  X  -2261  ^  ^^^^^^ 

500  X  1-032S  ^^^ 

Then  to  get  the  specifio  oonduotivity  (a:)  of  the  wire  sample, 
we  have  the  inverse  proportion 


■200:  -1752::  100 :«, 


■200 


that  is  to  say,  the  conductivity  of  the  wire  sample  ia  87  ■fi 
cent,  of  that  of  pure  copper. 

443.  In  tho  case  of  a  cable  where  the  weight  per  knot  of  the 
conductor  is  always  known,  the  calculatione  are  much  simpler, 
a£  they  can  be  made  by  reference  to  Table  II.  (given  at  the  end 
of  the  book),  which  gives  the  resifltances  corresponding  l^ 
various  percentages  of  conductivity  of  a  condnolor  1  knot  long 
weighing  1  lb.,  and  at  a  temperature  of  75°  Fahr.  The  way  in 
which  ifie  table  would  be  used  is  as  follows : — 

Supposing  we  had  a  cable  whose  conductor  weighed  107  lbs. 
per  knot  (this  is  a  very  usual  weight  for  the  conductor  of  ft 
cable),  and  whose  resistance  per  knot  at  75°  Fahr.  was  found  by 
esperiment  to  be  11-56  ohms,  then  by  multiplying  11-56  by 
107  WB  get  the  resistance  of  a  knot-pound  of  copper  of  a  corre- 
aponding conductivity,  11-66  X  107  =  1236 -92  and  this  resist- 
ance in  the  table  corresponds  to  a  conductivity  of  96  ■  8,  which 
is  therefore  the  percentage  of  conductivity  of  the  conductor 
of  the  cable, 

Hi,  In  calculating  out  Table  H.,  the  determination  of  Dr. 
Matthieesen  before  referred  to,  given  in  the  British  AssociaticA 


I 
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report  on  electrical  standards,  has  been  talten  as  the  basis  :  this 
determination  makes  the  resistance  of  a  foot-grain  of  pure 
copper  at  24°  C.  (75  ■  a'  F.)  to  be  ■  2262  ohms ;  the  latter  valne 
appears  to  be  the  most  truetworthj  one  yet  obtained. 

445.  It  is  sometimes  required  to  determine  the  specific  con- 
ductivity of  a  wire  whose  length  and  diameter  (d)  are  known ; 
in  this  case,  the  determination  of  Dr.  MatlhiesHou — via.,  the 
resistance  of  1  foot  of  pnre  copper  wire  whose  diameter  is  1  mil 
(■nnnrth  of  an  inch)  is  10-323  ohttiB  at  CC  F.  {or  10-656  ohms 
at  75°  F.) — may  he  taken  ae  the  standard. 

Since  the  resistance  of  a  wire  varies  inversely  as  its  sectional 
area,  that  is,  inversely  as  the  square  of  its  diameter  {d),  we  must 

Reaiatance  of  i  feet  of  pure  copper)      I  X  10*656   , 
wire  d  mils  in  diameter  )  ~        ^'k        ° 

For  example. 

The  resistance  of  50  feet  of  copper  wire,  14  mils  in  diameter, 
equals  2-746  ohms,  at  a  tenipei-ature  of  65°  F. ;  what  is  the 
specific  conductivity  of  the  wire? 

For  65°,  i-=  1-0214  (Table  IV.),  therefore 

Eeaistanceof  50feet  of  pure!  gp  „  iq.rrr 

copper   wire    14  mils  in>=-TT— — ri ^-7777^7  =  2'661ohmB; 

diaicter,  .t  65»  F.  J     "  X  U  X  1-0214 

then  by  inverse  proportion  we  have 

a-7lS  :  2-661   :  :   100  :  « 


2-746 


that  is  to  say,  the  conductivity  of  the  wire  sample  is  96-9  per 
cent,  of  that  of  pure  copper. 

446,  In  the  case  of  small  wires  where  it  is  difficult  to  measure 
the  diameter  with  great  accuracy,  it  is  preferable  to  test  for 
specific  conductivity  by  weight  rather  than  by  gauge,  for  fey 
taking  a  sufficient  length  of  wire,  we  can  determine  the  value 
of  the  weight  as  accurately  as  we  please, 

447.  Table  III.,*  at  the  end  of  the  book,  shows  the  resistances 
Ac,  of  various  gauges  of  pure  copper  wire  at  60°  F. 

•  Thifl  Tuble  whs  compiled  by  Mossra.  "W.  T.  Qlovpr  anJ  C-o.,  electrical 
'  «  makers,  of  Manobeater,  uid  u  interted  bTDeuniuioi], 
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Specific  Irsdlation. 

418.  To  obtain  the  ipecifie  i-ntulation  resiBtaiice  of  any  matenal 
is  uot  Ml  easy  matter,  for  we  faave  no  pure  staDdard  materiil 
with  which  to  compare  it.  and  even  if  we  had,  the  resistance 
wonld  be  so  enormonely  high  that  we  oould  not,  as  in  the  out 
of  tliB  wire,  get  a  piece  of  a  certain  length  and  compare  it  bj 
nieaBurement  with  another.  Me  must  therefore  look  for  bcpim 
other  mel  hod. 

Now,  the  form  in  which  gutta-percha  ia  need  for  sabmarine 
cables  is  that  of  a  cylinder,  in  which  the  condacting  wire  ia  coi^ 
centrically  placed ;  and  to  compare  the  relative  resistances  of 
different  cores  we  mnst  first  ascertain  the  law  of  the  insnlatiaB 
reeiBtance  of  cores  whose  sheathings  have  various  thicknesaee. 
As  this  is  an  interesting  problem,  we  will  give  it  at  length. 

Looking  at  a  transveree  section,  let  ub  snppose  the  sheathing 
to  be  divided  into  a  number  of  concentrio  circles,  auch  that  tha 
resistance  of  the  pieee  between  any  two  circles  equals  p.  For 
this  to  be  the  case,  it  is  evident  that  the  circles  nearer  the  di- 
cumferencB  mnst  be  of  a  greater  thickness  than  those  near  tlie 
centre,  since  their  circumferences  are  greater. 

Iiet  there  be  n  of  these  circles,  so  that  n  p  =  W  (p  here  cor- 
rcBponda  to  the  little  interval  of  time  t  in  the  fall  of  charge 
problem,  page  290,  §  333). 

*"■"      I  . 

Now,  if  I  be  the  internal  and  external  radii  or  diamet«n 

of  any  one  cylinder,  and  if  the  difference  fj+i  —  r^is  very  small, 
the  resistance  of  the  cylinder  will  be 


a^ir. 


when  I  is  the  length  of  the  cable,  and  s  the  specific  resistance  o' 
the  insulating  material. 

Now,  the  smaller  we  make  rj+,  —  r^,  the  nearer  will  this  1« 
trua  But  in  order  to  do  this,  we  must  mate  p  small  and  n  lareO' 
Now  _ 

2  TT  i  fj  '^ 

since  p  equals  the  lesiatanee  of  each  cylinder ;  therefore 
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Then,  as  in  the  problem  we  have  referred  to, 

where  r„  or  R,  is  the  external,  and  tj,  or  r,  the  internal  radius 
of  the  sheathing  ;  that  ib. 


r{l^^^y  =  r(l  +  ^J^)\ 


and  the  larger  n  is  the  nearer  ie  this  true ;  therefore  make  p  =  0 
and  «  =  oD  80  that  n  p  Btill  equals  W ;  wa  then  get  a  perfectly 
accurate  result.     Let 

2^!W       1 


so  that  X  =  <xi  when  n  =  cc  .     Then 

"  =  '[('  +  ;>]"" 

when  «  =  CO ,  but  when  this  is  the  case  the  oKpreasio 
the  square  brackets  is  known  to  be  eqnal  to  e,*  thus 


Now,  if  we  take  for  our  standard  a  cable-core  which  has  a 
length  of  one  knot,  an  insulation  reaistance  of  1  megohm,  and 
whioh  has  such  external  and  internal  radii  or  diameters  (that 
is,  the  radii  or  diameters  of  the  insulating  sheathing  and  the 


condnctor),  that  1 


B 


=  2-728,  then* 


:  1. 
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If^  then,  we  measure  the  insiilation  refiistance  per  knot,  and 
also  the  external  and  internal  diameters  of  our  sample  core,  and 
insert  the  values  in  the  formula,  we  get  its  specific  insulation 
resistance. 

Since  we  take  the  data  of  1  knot  to  insert  in  tlie  formula, 
we  may  write  the  latter 

8  =  W  — 


For  example. 


logj 


The  core  of  a  cable  had  an  insulation  resistance  of  300  meg- 
ohms per  knot.  Its  external  diameter  was  -j^th  inch,  and 
internal  diameter  y^^th  inch.  AVhat  was  its  specific  insnlatioii 
resistance  ? 

2-728 
«  =  300- 


logj 


=  1360. 


449.  It  may  be  remarked  that  the  foregoing  standard  of 
specific  insulation  resistance  is  really  that  of  a  cube  hnai  of  the 
material,  that  is  to  say,  of  a  cube  whose  dimensions  are  one 
knot  each  way,  and  whose  resistance  is  assumed  to  be  1 ;  thtf 
standard  was  introduced  by  Messrs.  Clark  and  Sabine. 


Specific  Inductive  Capacity. 

450.  From  what  was  said  on  page  339,  §  402,  it  will  be  evident 
that  the  formula  for  giving  the  specific  inductive  capacity  (K) 
of  a  cable-core  will  be 


K  =  F 


1       K 

log-- 


2-728' 
where  F  is  the  capacity  per  knot  of  the  core  in  microfarads. 


CHAPTER  XXr. 
COHKEOTIONS   FOB   TEMPERATURE. 

461.  In  order  to  mate  testa  for  Condaotivity,  InsBtation 
EcBiBtatioe,  or  Eleotrostatio  Capacity  strictly  comparative,  it  is 
either  necessary  that  they  be  mad©  at  the  same  temperature,  or, 
■when  this  cannot  be  done,  the  temperatures  at  which  they  are 
taken  should  be  noted,  and  a  correction  made. 

Various  methods  have  been  suggested  to  enable  this  to  be  done, 
but  the  following  seems  to  be  a.  satisfactory  and  simple  one. 

It  is  found,  when  the  temperatures  are  not  very  widely  dif- 
ferent, that  for  every  degree  of  increase  in  temperature,  an 
equal  percentage  of  increase  in  resistance  takes  place ;  that  is 
to  say,  if  the  resistance  increased  at  a  certain  rate  per  cent,  by 
a  rise  of  one  degree  of  temperature,  it  will  be  increaaed  by  the 
next  degree  of  rise  at  the  same  rate  per  cent,  calculated  on  the 
new  resi stance. 

This  being  so,  it  will  be  evident,  on  consideration,  that  the 
percentage  of  inci-ease  for  a  certain  number  of  degret*  will  be 
the  same  at  whatever  part  of  the  scale  these  degrees  are  taken. 
Thus,  if  a  resistance  increased  25  per  cent,  between  30°  and  40°, 
it  would  increase  25  per  cent,  between  65"  and  75°. 

Corrections  fob  Coni>uctor  Eesistance. 

452.  If  we  take  a  wire  of  any  metal,  and  determine  how  much 
its  resistance  is  increased  by  any  number  of  degrees  of  tem- 
perature, we  can  determine  how  much  the  resistance  of  any  other 
wire  of  the  same  metal  and  quality  would  be  increased. 

The  law  we  have  stated  is  esactly  the  same  as  the  law  for 
the  fall  of  potential  in  an  insnlated  cable.  We  have  simply,  in 
fact,  to  substitute  reaiatancea  for  potentials,  and  degrees  of  tem- 
perature for  intervals  of  time,  in  any  of  the  formulfe  we  had  for 
the  above  casa,  and  we  get  our  formulea  for  change  of  reaistance 
by  change  of  temperature. 

At  the  end  of  Chapter  XVI.  (page  344)  we  obtained  a  formula 


1 
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If  we  snppoee  a  resistanoe  to  have  increased  from  r  to  B, 
an  increase  of  temperature  of  n°,  and  to  B|  by  an  inoreaff 
tii^,  then  hy  substitution  in  the  foregoing  fornmla^  we  get 
equation 


,  -  ,(5) 


1  as  representing  the  connection  between  these  qiuuititieB. 

If  we  determine  B  and  r  experimentally,  we  can  find  whal 

will  be  for  an  increase  in  the  temperature  of  I^,  2^«  3^,  Ac ;  i 

by  embodying  the  results  in  a  table,  we  can  determine,  from 

experimental  measurement  made  at  any  temperature,  what 

resistance  of  a  wire,  of  the  same  kind  as  that  from  ^whioh 

table  was  constructed,  would  be  at  any  temperature  we  n 

require. 

An  example  will  render  this  clearer : — Suppose  we  had  a  w 

of  pure  copper,  whose  resistance  r  at  32^  F.  was  found  to 

2064  ohms,  and  whose  resistance  B  at  75  *  2°  F.  was  2262  dun 

Then  this  wire  had,  by  an  increase  of  76-2°  -  32°  =  43-2 

2262  .  -_ 

increased  its  resistance  ,-7777^7,  or  1  •  096  times.   We  therefore  kn 

2064 

k  that  any  other  wire  of  similar  quality  will  increase  its  resistas 

.  by  that  amount,  by  an  increase  of  43  •  2"  of  temperature.     T 

'  result,  then,  is  the  coefficient  of  increase  for  43  •  2°,  by  which 

must  multiply  our  observed  resistance  to  obtain  its  value  at  1 

required  temperature. 

The  result  we  have  obtained  will  enable  us  to  determine  1 

increase  of  resistance  for  any  other  number  of  degrees  of  tc 

perature,  and  also  the  coefficients,  for  our  formula  becomes 

B,  =  2064f??^y-\ 
V2O64/ 

Thus,  if  we  want  to  find  the  coefficient  for  30°  {n°)  of  incret 
we  have 

30° 

B,  =  2064  f??^)*"^  =  2199-564  • 
\2064/  ' 

showing  that  an  increase  of  30°  has  increased   2064  (r^ 

2199 •^64  ^  ^ 

2199-564,  or      ^^^^       =  1-06568  times,  which  gives  the 

efficient  for  30°  of  increase  in  temperature. 

♦  These  are  the  exact  figures  from  experiments  made  by  Dr.  Matthiee 
on  pure  copper. 
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)  have  to  divide  E,  by  r  to  obtain  the  coefScient,  we 


=  (?f 


r  for  the  quality  of  wire  in  queetio 


^  1.2064/ 


As  the  coefficienta  have  to  be  worked  out  by  logarithmic 
tables,  we  may  say 

log  coefficient  =  (log  2262  -  log  20&i)-^—^; 

that  is, 

log  QoefSoient  =  (-0009209)  »i°. 

When  all  the  ooeffioienta  are  worked  out  by  this  formula  and 
embodied  in  a  table  (Table  IV.),  if  we  require  to  find  the 
roeiatanco  of  a  wire  at  the  higher  temperature,  that  at  the  lower 
being  given,  we  muet  mulli^li/  the  latter  by  the  coefficient  eor- 
reeponding  to  the  number  of  degrees  of  difference  between  the 
two  temperatures. 

If,  on  the  contrary,  it  is  requirijd  to  reduce  or  correct  from  a 
higher  to  a  lower  temperature,  we  must  divide  by  the  coefficient 
corresponding  to  the  number  of  degrees  of  difference  between 
the  two  temperatures. 

Jn^ueHM  of  Conductinri  Power  upon  Variation  of  Besittanee  by 
Change  of  Temperature. 

453.  The  infiuence  of  temperature  upon  the  resistanoe  of 
metals  varies  according  to  the  conducting  power  of  the  metal. 
According  to  Mattbieasen,*  "  the  percentage  of  decrement  in  the 
conducting  power  of  an  impure  metal,  between  0°  C.  and  100°  C., 
is  to  that  of  the  pure  one,  between  0°  C.  and  100°  C.  (is  the 
conducting  power  of  the  impure  metal  at  100°  C.  is  to  that  of 
the  pure  one  at  100°  C."  A  numerical  exarapla  will  best  eiplain 
this  law ; — 

Supposing  we  have  two  wires  of  the  same  metal,  one  of  which 
is  pure  and  the  other  impure,  and  we  take  suuh  a  length  of  each 
that  they  both  have  a  resistancB  of  bOO  ohms  at  0"  0. ;  and 
suppose  that  tlie  relative  specific  conductivities  of  the  two  kinds 
of  metal  are  as  100  to  90.  Now  if  we  found  that  the  pure 
•  PhiL  TrauH..  IBlil,  p.  167. 
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sample  increased  its  resistance  from  300  ohms  to  420  ohms,  or 
40  per  cent.,  when  the  temperature  was  increased  to  100°  0.; 
then  we  should  find  that  the  impure  sample  when  raised  to 
100°  C.  would  have  increased  its  resistance  to  408  ohmB,  or  36 
per  cent.,  for 

100:  90::  40:  36. 

From  this  it  is  evident  that  the  correction  coefficients  require  to 
be  varied  according  to  the  purity  of  the  metal,  but  if  we  know 
what  the  coefficients  are  for  the  pure  metal,  and  also  the 
specific  conductivity  of  the  metal,  we  can  correct  the  coefficients 
accordingly.  Let  B  be  the  resistance  of  both  the  pure  and 
impure  metals  at  a  temperature  t,  and  E^  the  resistance  of  the 
pure  metal  at  a  temperature  ti,  and  let  k  be  the  coefficient 
required  to  correct  R  to  the  latter  temperature,  that  is,  let 

Bi  =  Rk,  [1] 

Let  Bg  be  the  resistance  of  the  tmpure  metal  at  tbe  tempera- 
ture ti,  and  let  ki  be  the  coefficient  required  to  correct  B  to 
this  temperature,  that  is,  let 

Bs  =  B  #c, .  [2] 

Also  let  C  and  Ci  be  the  specific  conductivities  of  the  pure 
and  impure  metals. 

Lastly,  let  p  and  pi  be  the  percentages  of  increase  in  resist- 
ance of  the  two  samples  respectively,  between  the  temperatures 
t  and  fj. 

We  then  have  the  following  equations : — 

B  —  Bj 


IH 


and  the  proportion 


B 

B  —  Bg 
B 


100 


100, 


[4] 


or 


jp  :  Pi : :  C  :  C, 

P  __  C, 

but  from  equations  [3]  and  [4]  we  get 

^  "  ^  100 
p  ^       B  _  B  -  B, 


B  —  Bj 

"IT" 


100 


B-B 


a 
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0      B-B, 
C,  "  E  -  E,' 

or,  Bubatitutlng  tha  values  of  Ri  and  Hj,  obtamed  from  equa- 
tioDH  [1]  and  [9],  we  get 


Aa  the  Bpecific  conductivity  of  the  pure  metal  ia  always  taken 
as  100,  the  formula  becomes 

.,  =  l  +  ,^(<-l).  [A] 

For  examjple. 

From  Table  IV.,  the  oorreotion  coefficient  for  correcting  from 
45"  to  75°  (equal  to  30"  of  difference  of  tempeiature)  is  1'0657, 
for  pure  copper.  What  ia  the  coefficient  for  copper  whose  con- 
duotivity  in  96  por  cent,  of  that  of  the  pure  met^  ? 

"'  "  ■'■*']^^^''^^^^  ~^^  "  1-0631. 

COBRECTlOHa  FOK  lUSUlATION   Ee318TANCE. 

454.  The  law  of  change  of  resistance  by  change  of  tempera- 
ture for  Inmlaiorg  is  the  reverse  of  that  for  Ooududora,  that  ia  to 
say,  increase  of  temperature  dimini»he«  their  resistance,  and  vice 
oerad.     If,  therefore,  we  obtain  oar  coefficients  from  the  formula 


.(?)^, 


where  R  is  the  observed  higher  resistance  at  the  lower  tempera- 
ture, f  the  observed  lower  reeistaiiDe  at  the  higher  temperature, 
"  the  number  of  degrees  of  difference  between  the  two  tem- 
Ltores,  and  n,°  the  number  of  degrees  of  difference  for  which 


^peral 


r 
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the  coefficient  is  required,  then  we  mnst  divide  by  the  coeffioient 
when  we  require  to  find  the  reaiHtance  at  the  higher  temperature, 
that  at  the  lower  being  given,  and  vice  versa. 

455.  The  influence  of  temperature  ia  very  much  greater  on 
InBulators  than  on  Conductors,  thus  whereas  a  wire  contaixiog 
96  per  cent,  of  pure  copper  only  incrcaeed  its  resistance  from 
1000  ohms  to  1030  ohmn  by  an  increase  of  15°  of  temperatnre, 
a  particukr  gutta-percha  core  increased  its  resistance  from 
1000  ohms  to  9080  ohms  by  the  same  amount  of  decretue  of 
temperature. 

The  ainotint  of  the  chango  of  resistance  by  change  of  tem- 
perature which  takes  place  in  the  case  of  insulating  materials 
is  dependent  upon  the  quality  of  the  latter,  and,  therefore,  the 
correction  coefficients  for  the  same  can  only  be  rogarded  as 
approximately  correct. 

456.  The  range  of  temperatures  required  in  practice  is  not 
large.  If  we  calculate  coefficients  for  a  difference  of  from  0°  to 
45°  it  will  usual ty  be  suflScient. 

457.  Tables  of  coefficients  fur  copper  and  two  Hnds  of  gutta- 
percha, calculated  on  the  foregoing  principles,  will  be  found  at 
the  end  of  the  book.  As  it  is  usual  in  practice  to  correct  all 
measurements  to  75°  Fahr.,  the  coefficient  corresponding  to  the 
number  of  degrees  of  difference  between  any  particular  tempe- 
rature and  75  ,  is  placed  opposite  that  particular  temperature. 

458.  It  was  pointed  out  on  page  375  that  if  all  the  coefficients 
are  worked  out  by  the  formula  "log  coeffioient  =  (-0009209)111°," 
then  iu  order  to  correot  from  a  lower  to  a  higher  temperatnre  it 
is  necessary  to  multiply  by  the  coefficient  corresponding  to  ths 
number  of  degrees  of  difference  between  the  two  temperatures, 
but  to  correct  from  a  higher  to  a  lower  temperature  we  moat 
divide ;  now,  if  in  the  latter  case  we  employ  the  reciprocal  of  tha 
coefficient,  then  we  must  mulliply  as  in  the  first  case.  By  taking 
advantage  of  this  fact,  in  Table  IV.  the  coefficients  are  so 
calculated  that  whether  we  have  to  correct  from  100°  down  to 
75°,  or  from  32-5°  up  to  76°,  in  all  cases  we  have  to  multiply;  in 
Tables  V.  and  VI.,  in  all  cases  we  have  to  divide. 

If  it  should  be  required  to  correct  up  to  any  temperature 
other  than  76°,  then  we  muet  first  ascertain  the  number  of 
degrees  of  difference  between  the  two  temperatures,  and  then 
the  coefficient  opposite  to  the  temperature  corresponding  to  75° 
minus  the  number  of  degrees  of  difference,  will  he  the  coefficient 
required.  Thus,  if  we  wanted  the  coefficient  for  correcting  the 
resistance  of  a  pure  copper  wire  from  45°  up  to  60°,  then 
60°  -  40°  =  20°,  and  75°  -  20°  =  55°,  and  the  coeffioient  oorw 
a  this  temperature  in  Table  IV.  is  1-0434,  wMoh  : 
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the  required  coefficient.  Should  it  be  necesBary  to  correct  from 
60°  down  to  45°,  then  in  this  case  the  coefficient  will  be  that 
corrcBpondiog  to  75°  +  20°,  or  95°,  the  value  of  which  is  ■  9586. 

459.  The  eicact  effect  of  temperature  on  Electrostatic  Capacity 
has  not,  it  ie  believed,  been  yet  determined  or  published;  it 
is,  however,  very  slight. 

L  Wire  by  Change  of 

460.  By  a  reverse  process  to  the  foregoing  we  can  tell  what 
the  temperature  of  a  wire  is  if  we  know  what  is  its  resistance 
lit  one  temperature,  and  also  its  resistance  at  the  unknown  tem- 
perature. For  all  we  have  to  do  is  to  divide  one  resistance  by 
the  other,  and  note  with  what  number  of  degrees  of  temperature 
the  ooefficiottt  so  obtained  corresponds,  then  this  result  shows 
the  number  of  degrees  ihe  wive  has  above  or  below  the  tem- 
perature at  which  the  wire  was  measured. 

For  example. 

To  take  the  case  on  page  874,  we  found  that  the  wire  had  a 
resistance  of  2064  ohms  at  32°,  and  at  the  temperature  which  we 
will  suppose  to  be  unknown,  a  resistance  of  2262,  then  the  ooeffi- 

cient  is  — —  =  1  •  096,  which  corresponds  to  an  increase  of  43  ■  2° ; 

the  temperature  of  the  wire  is  therefore  32°  +  43-2"  =  75-2°. 

In  this  way,  if  we  ascertained  the  resiatanoe  of  a  cable  at  a 
noted  temperature  before  it  was  laid,  and  then  measured  its 
resistance  after  it  was  laid,  we  could  tell  the  moan  temperature 
of  the  sea  by  referring  to  the  Tables. 

Or  if  we  ascertained  the  resistance  of  the  cable  at  two 
different  temperatures  before  it  was  laid,  then  we  could  deter- 
mine its  temperature  after  it  was  laid  without  the  use  of 
Tables,  thus  from  the  formula 


E, 


log- 


^- 
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therefore  ,     B 

log- 

log^ 
r 

For  example. 

The  conductor  resistance  (Ri)  of  a  cable  at  60**  Fahr.  whan 
lying  in  the  tanks  at  the  factory,  was  2000  ohms,  and  at  a 
temperature  of  45°  Fahr.  the  resistance  (r)  was  1941  •  6  ohm 
When  the  cable  was  laid  the  resistance  (R)  was  found  to  be 
1961  ohms.     What  was  the  temperature  of  the  sea  ? 

n,°  =  60^  -  45°  =  16% 

1961 
-  log 


n 


1941-6    ^go^gc 


2000 
log 


1941-6 
The  temperature  of  the  sea  will  therefore  be  46°  +  6°  =  6ff*F. 

461.  It  is  very  often  the  case  in  cable  factories  that  two 
sections  of  the  cable  are  in  diflferent  tanks  at  different  tempen- 
tures,  as,  for  instance,  when  several  miles  of  core  are  added  on 
to  the  made-up  cable  in  a  colder  tank. 

As  the  whole  length  must  be  tested  in  one  section,  it  is 
necessary  to  know  what  correction  must  be  applied  to  the 
measured  resistance  of  the  whole  length  of  cable  to  correct  it 
to  the  value  it  would  have  at  one  uniform  temperature. 

Corrections  for  Conductor  Eesistance  when  Two  Sections  oi 
A  Cable  are  at  Different  Temperatures. 

462.  Let  Zi  and  l^  be  the  two  lengths  of  the  cable  in  the 
different  tanks,  also  let  Vi  and  r^  be  the  respective  conductor 
resistances  of  the  two  sections  at  the  temperatures  of  the  tanb, 
and  let  P^  be  the  resistance  of  the  two  together.  Also  let 
hi  and  h^  be  the  coefficients  by  which  r,  and  ra  must  be  multifM 
respectively  in  order  to  reduce  them  to  the  values  they  would 
have  at  one  uniform  temperature,  and  let  R^  be  the  total 
resistance  of  the  cable  at  this  uniform  temperature ;  we  thai 
have  the  following  equations : 

Pc  =  n  +  »'2  , 

Re  =  r^^i  +  »'2  ^2 ,  [1] 
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■i  +  J", 


and  also  we  may  say 


al,  =  rit„    or,    i 

o-  i,  =  fi  h,   or, 

B  s.  conatant ;  therofore 
a  (l,  +  k) 


l  +  t) 


A,  +  t, 


If  I,  and  I,  are  the  lengtliB  of  the  portions  of  the  cable  i 
knota,  then  the  coiTected  resiBtance  per  knot  (r,)  will  be 


m 


For  example. 

At  a  cable  factory  there  were  15  knots  (Z,)  of  manufactured 
cable  lying  in  a  tank  whose  temperature  was  50°  Fahr.  Con- 
nected to  this  cable  were  5  knots  (^)  of  core  in  a  tank  whose 
temperature  was  65°  Fahr.  The  total  observed  conductor 
resiBtance  of  the  20  knots  was  215  ohms  (P,).  What  would  be 
the  conductor  resistance  per  knot  (r,)  of  the  cable  and  core 
at  75°  Fahr.?  The  conductor  was  of  copper  of  96  per  cent, 
conductivity. 

From  Table  IV,  we  have  (after  applying  the  correction  [A], 
page  377) 

k,  =  1-0523,      *,  =  1-0417; 

tberefoie 


1-0623  ^  1-0417 
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GORBBCTIONS  FOB  iNSULATIOlf  BeSISTANGE  WHBK  TwO  SbCIIOHS  Of 

A  Cable  abe  at  Diffebent  Tempe&atubes. 

463.  Let  Zi  and  l^  be  the  lengths  of  the  two  sectionB,  Vi  and 
r,  their  respective  insulation  resistances  at  the  temperature  of 
the  tanks,  P^  the  combined  resistance  of  the  two  sections,  hi  and 
hi  the  coef&cients  by  which  r^  and  r,  must  be  divided  in  order  to 
reduce  them  to  the  values  they  would  have  at  one  tmiform 
temperature,  also  let  B<  be  the  combined  resistance  of  the  two 
sections  at  this  uniform  temperature ;  then  we  have  the  follow- 
ing equations : 


R,= 


J 

n 

+  r,' 

^ir. 

Tih+r^h' 

I. 

r^ki 

[3] 


therefore 


E< 


P<       fi  k2  +  T^  "'1 
and  also  we  may  say 


k. 


»    or,     lt<  =  r< 


ri  Aja  4-  r,  ^ 


(rZi  =  r2^>    or,    r^  =  -y— » 


crZ2  =  Tik^,    or,    fi  = 
where  o-  is  a  constant ;  therefore 


(T  Zs 


i'  +  i* 


(-  +  -) 

"(Zi+xr 


If  It  and  Zg  are  the  lengths  of  the  sections  in  knots,  then  the 
corrected  resistance  per  £iot  (r<)  will  be 
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For  example. 

Taking  the  same  lengths  and  temperatures  as  in  the  previous 
example,  let  us  suppose  the  total  observed  insulation  resistance 
of  the  20  knots  was  160  mesohms  (Pj)«  what  would  be  the  insu- 
lation resistance  per  knot  (r^)  at  75°  Fahr.  the  insulator  being 
Willoughby  Smith's  gutta-percha  ? 

From  Table  YI.  (by  reducing  the  logarithms  to  natural 
numbers)  we  find 

iki  =  6-928,     ik,  =  4-704, 

therefore 

r.  =  160  ( 1 I  =  516 '5  meffohms. 

\6' 928      4 '704/      *'-^"  '^  *"''6""*"»- 
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CHAPTEE  XXIL 

LOCALISATION  OF  FAULTS  OF  fflGH  RESISTANCE. 

Faults  in  Cables. 

464.  In  all  the  tests  for  localising  faults  hitherto  described, 
with  the  exception  of  the  loop  test  (page  224),  it  has  been 
assumed  that  the  insulation  resistances  of  the  portions  of  cable 
on  either  side  of  the  fault  are  infinitely  great  compared  -with 
the  resistances  of  the  conductor.  Such  an  assniaption  practi- 
cally holds  good  in  cases  where  the  cable  under  test  is  short, 
and  also  if.  the  resistance  of  the  fault  is  small,  but  "when  we 
come  to  deal  with  long  cables  having  faults  of  high  resistance, 
the  formuleB  we  have  obtained  are  no  longer  correct.  'ITie  fol- 
lowine  investigation**  is  made  for  the  purpose  of  obtaining  % 
test  which  shall  be  correct  for  cables  of  any  length  and  having 
faults  of  any  resistance : — 

Let  A  B  (Fig.  119),  be  a  cable  of  any  length,  connected  to  « 
battery  as  shown,  and  having  its  further  end  to  earth  throngli 


Fig.  119. 


i5^j^iJi*?^ii^^c^;(j'/.e«^j^>\\vaLVcw\\v^^^ 


L 


1_L 


PQ 


Earbli 


WM 


a  resistance  a-.    By  putting  o-  =  0  the  end  of  the  cable  will  be 
direct  to  earth,  and  by  putting  o-  =  oo,  it  will  be  insulated. 

Let  the  length  A  B  =  n 
„  „      AT  =  X 

„  „      F  Q  =  dx . 

•  See  *0n  the  Leakage  of  Submarine  Cables/  by  A.  B.  Kempe,  B.A, 
'Journal  of  Society  of  Telegraph  Engineers,*  Vol.  IV.,  page  90. 
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Let  tho  potential  at  A  =  Y, 
B  =  T. 


Lot  the  oTirrent  strength  at  A  =  C, 
B  =  C. 
P  =  0 

Let  the  reBietance  of  X  A  P  =  R 

XAQ  =  R+<iR 
X  A  B  =  R„ 
XA  =E,  =  ^. 

AltiO  lot  resistance  of  unit  length  of  conduetor  -  r 
And     „  „  „  sheathing  =  i. 

Callinc  E  the  electromotive  force  of  the  battery,  then  since  the 
flow  of  electricity  fi'om  any  point  to  any  other  point  close  to  it 
is  from  the  point  of  higher  to  tbat  of  lower  potential,  and  is 
equal  to  the  difference  of  potential  divided  by  the  resistance 
separating  the  two  points,  therefore  the  current  along  A  B  at  P 


(V  +  dV)- 


dV 


The  redstanoe  of  the  wire  P  Q  is  OTidently  r  dx,  beoanse  it  varies 
directly  as  the  length  of  the  wire,  but  the  resistanoo  of  the  in- 
sulating sheath  P  Q  iH  - —  ,  because  it  varies  invertelg  as   tho 

length.  Hence  the  "  leakage  "  or  the  current  from  the  surface 
of  the  conductor  between  the  points  Pand  Q  to  the  earth  where 
the  potential  is  zero,  is 
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but 


and,  therefore, 


0  = 


rdx 


therefore 


where 


dx  " 

1 

r 

d*Y. 

da^  ' 

r 

^m»V. 

m' 


r     .  /r 

=  -r  I  I.e.  in  =  \^/  T- 


The  solution  of  this  differential  equation,  obtained  by  the  well- 
known  method,*  is 

V  =  Ae--  +  Be—,  [1] 

and 


^      1    dY      mf^    _      «         1 


[2] 


.  l^ow  when  x  =  n 

V  =  V.  =  E,  and  C  =  C,. 

,,       «         .  .  ,  potential 

therefore,  since  resistance  = » 

current  strength 

and  similarly  when  x  =  0 

V  =  Vo,    and    0  =  Cq, 


and 


En  =  <r  = 


Co 


Taking,  therefore,  a;  =  n,  we  get 

E  =  V„  =  Ae-  + Be-"*"    l>y  [1] 

C«  =  ^rAe"«-Be--"l    by[2], 
♦  See  Boole's  *  Diflferential  Equations,'  Seoond  Edition,  Oliapter  IX.,  p.  19t 
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»La.--b.— J' 

A  +  E 
^(A-B)' 


[4] 


"('"  +  •)  +  -(•"-)• 


-('"-0 --(":--). 


[6] 


4G5.  Let  TIB  now  eee  how  we  can  apply  fhia  inveetigation 
so  as  to  obtain  a  test  which  shall  be  Btriotly  accarate  for  a 
cable  of  any  length  and  resistance.  The  following,  which 
aocompliahes  thia,  is  in  reality  the  fall  of  potential  teat  given  on 
page  3i5,  with  the  formula  corrected. 


Let  h  e  (Fig.  120)  be  the  cable  having  a  fault  s  at  e,  x  and  y 
being  the  hngtia  on  either  aide  of  the  fault,  and  let  B  be  a 


Now  from  equation  [1]  we  have 

V  =Ae-'  +  Se 


.i-%u^ 


[6] 
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and  at  c,  where  a;  =  0, 

Vi  =  A  +  B ;  therefore  A  =  Vi  —  B ; 


therefore 
or 


v  =  Vie*'-Be^  +  B  «— , 


Now  from  [6] 


V  -  2  Be-"*  =  Ae^  -Be"**. 


therefore 

y--^^      -^ 1^^^= Z^ T^^SS ^^ 


g"^  ^  e 


e'~  —  e 


6"^  —  B6— .  [7] 


Now,  calling  B«  the  resistance  beyond  &,  we  hav6 

V      B  +  B,. 

v  =  "Br"' 
therefore 

B  B„  B 


,-••« 


V-v       V       Ae^'  +  Be 

but  from  [3] 

rVKer  +  B  6 


from  [6] ; 


therefore 


B. 


B 


wL 


A  e"*'  —  B  e'* 


-«"*  I 


5-  =  If \ 1 

—  V      w  LA  e*^  —  B  e""^J 


B r  r         «"»'  —  e-"^  1 


therefore  from  [7] 

B 

Again,  considering  the  portion  of  the  cable  y,  we  have 

Vj      Ai  e"^  +  Bi  c-*"^ 

and  from  [4] 


[8] 


A.  +  B, 


B.  ' 


m 
r 


m 

a- 1 

r 
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in  which,  since  the  end  of  the  cable  is  inBxilated,  o-  =  oo ; 
therefore 


from  which 


therefore 


Vl  =  Vj 


Inserting  this  value  in  [8],  we  get 

JR 
V 


R rf  e**  -  e-"^  "I 

-  v"  m [v (e""  +  e--")  -  v, {e"^'  +  e"-"«') J 


Now  if  2  be  the  length  of  the  cable,  then  y  =  1  -^  x,  therefore 


B*? 


f  e""  —  c""** 


Multiplying  the  top  and  bottom  of  the  equation  by  e**  we  ge^ 


B 

,m 

V 

-  V  "  v(e*"  +  1)  -  v,(e-'  +  e— '«*") 

V~-l 

-  e*"(v  -  Vje-"")  +  V  -  Vje-'  ' 

therefore 

(V_v)  +  (v-v,e-')B- 

C  *"•'  —                                                                                      ** 

(V-v)-(v-v.e--)B^' 

from  which 

m 


,           (V-v)  +  (y-v.e-)B- 
*  =  T^  log. .         [9] 
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In  this  form  the  formula  cannot  be^  practically  used,  as  we 
require  to  know  r  and  m,  that  is  ▲/  -. ,  r  being  the  resistance 

per  unit  length  of  the  conductor,  and  t  the  resistance  per  unit 
length  of  the  insulating  sheathing.  These  we  cannot  deter- 
mine individually,  for  the  measurement  made  when  the  end  of 
the  cable  is  to  earth  is  not  that  of  the  conductor  alone  but  that 
of  the  conductor  diminished  by  the  insulation  resistance ;  and 
similarly,  when  the  end  is  insulated  the  measnrement  made  is 
not  that  of  the  insulating  sheathing  alone  but  of  the  latter 
combined  with  the  resistance  of  the  condnctor.  If,  however, 
we  know  what  these  measured  values  are  we  can  substitute 
them  in  the  formula  in  the  place  of  m  and  r. 

Let  the  measured  resistance  of  the  cable  when  to  eaxth  at  the 
further  end  be  B«,  and  when  insulated  E,- ;  then 

^  r  fe"^  +  e"  "H 

This  value  of  E,  we  obtain  from  equation  [5]  by  putting 
(T  =  0,  and  of  E<  by  putting  o-  =  oo . 
By  multiplying  one  equation  by  the  other  we  get 


therefore 


y2 

rrr 


m  __        1 
r  "  VE,E< 


[lOJ 


Also,  we  have 


E,  -  \e^  +  e-^J  ' 


therefore 


therefore 


-(^/^0--^-(^/|^0' 


g«  = -—^2 :  [11] 


V^ 
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that  is 

1  I 


..     'I  VI' 


logi 


V^'i 


and  also  from  [11]  we  have 


1  + 


e-  =      /   ^',    and    e'-  =  ^^'.    [12] 

1      tn 
We  have  thus  determined  ^r — ,  — ,  e*',  and  e""',  and  can 

2911     r 

consequently  insert  their  values  in  any  equations   we  may 
require, 

466.  Instead  of  employing  the  resistance  E,  we  may  make 
the  test  by  connecting  the  battery  direct  on  to  6  through  a  gal- 
vanometer, so  that  the  resistance  B.  of  the  cable  can  be  measured 
by  the  ordinary  deflection  method  (§  9,  page  5).     Then,  since 

V  :v::E  +  e;:B,, 

therefore 

V -v  =  V-. 
it. 

If  we  substitute  this  value  of  V  —  v  in  equation  [9]  we  get 

1    1       E,  ^^           ^     '  r 
X  =  - — log.  --^ — — 

2  TO      *^*  V  .  .^.  TO 


TO 


1  v  +  (v-v.«-)B«- 

V  -  (v- VjC  "')E,- 
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Fw  example. 

A  cable  1000  knots  (Z)  long  bad  a  very  small  fault  in  it  wbiob 
was  required  to  be  localised.  Wben  tbe  cable  was  good  its 
resistance  witb  tbe  fiirtber  end  insulated,  after  five  minntes' 
electrification,  was  700,000  obms  (Bu),  and  its  resiBtanoe  with 
tbe  further  end  put  to  eartb,  5000  olmis  (B«).  When  the  cable 
was  faulty  its  resistance  witb  tbe  end  insulated,  after  five 
minutes'  electrification  was  100,000  obms  (B.).  The  potentials 
at  tbe  ends  of  tbe  cable,  after  five  minutes'  electrification,  were 
300  (v)  and  292  (v,)  respectively.  What  was  tbe  distanoe  («) 
of  tbe  fJBiult  from  tbe  nearer  end  of  tbe  cable? 

ml  1 


r       V5000  X  700,000       69,161 
1  1000 


2w  1    ,       /  ^000 

^+V700: 


=  6902-1, 


log ^_^^^      2-8026 

^-  /  5000 

^""  ^■^^^"ooo 


/  50( 
V  700,( 


/.    .        /  5000 


l  +  \/ 


.-=      / V   700,000  ^  ^ 

/      _       /  5000 
\  V  700,000 


5000 


/  50( 
\/700, 


6-=         XIOO'OOO  ^  .9188. 

\/       "^  V  700,000 
Inserting  these  values  in  tbe  equation  we  get 

300  +  [300  -  (292  x  1 '  0884)]  100,000  x 


X  =  5902-1  X  log __59a61 

300  -  [300  -  (292  X  -9188)]  100,000  x  ^    ^ 

59,161 

X  2-8026  =  638  knots. 

467.  Since  in  tbe  case  of  a  small  fault  ihe  difierenoe  between 
tbe  potentials  at  tbe  two  ends  is  comparatively  small  it  is 
essential  that  they  should  be  measured  with  great  accuracy, 
otherwise  a  small  error  made  in  determining  their  value  will 
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taake  a  conBiderable  error  in  the  "value  of  a.  The  readingB  on 
the  scale  of  the  galvanometer  or  electrometer  muet  therefore  be 
made  as  high  aa  poeaible;  it  is  -even  advisable  to  extend  the 
length  of  the  scale  bo  that  this  may  be  done  more  effectnally. 

468.  The  relative  values  of  the  potentials  at  the  two  ends  of 
the  cable  must  be  determined  in  the  manner  described  in 
Chapter  XVII  (§  414,  page  346). 

LociLisATioM  OP  Faults  in  Insulated  Wires. 
Warden's  Method,* 

469.  This  method  is  adapted  for  localising  faults  of  high 
resistance  in  lengths  of  cable  cora  which  have  not  been  covered 
with  the  iron  sheathing  which  forms  the  complete  cable. 

The  length  of  wire  to  be  operated  on  is  immaterial,  provided 
that  the  whole  or  a  portion  of  it  cau  be  coiled  on  an  insulated 
drum,  and  that  between  the  parts  coiled  the  surface  of  the  core 
for  a  length  of  6  or  6  inches  can  be  cleaned  and  dried  so  as  to 
prevent  conduction. 

In  the  first  case  (when  the  whole  can  be  coiled  on  a  drum), 
one-half  is  coiled  off  on  a  second  drum,  the  two  dnims  being 
carefully  insulated.  The  surface  of  the  core  between  the  drums 
is  well  cleaned  and  dried.  The  conductor  is  attached  to  one  set 
ofquadrants  of  an  electrometer,  the  other  set  being  to  earth, and 
the  two  drums  are  connected  to  earth  by  an  attendant  at  each 
drum  ;  one  pole  of  the  battery  (whose  second  pole  is  to  earth) 
is  then  connected  to  the  conductor,  so  that  the  whole  becomes 
charged ;  the  battery  is  then  disconnected  from  the  electro- 
meter, and  the  earth-wires  simultaneoualy  taken  off  the  drums. 
It  is  best  to  leave  the  battery  on  until  the  earth-wires  are 
removed  from  the  drums. 

The  insulation  of  the  dramB  and  electrometer  should  be  snoh 
that  no  loss  can  be  perceived  after  a  few  minutes,  when,  if  the 
earth-wire  he  applied  first  to  one  drum  and  then  to  the  other, 
the  fault  will  be  found  on  that  drum  which  causes  the  greatest 
fall  in  the  electrometer.  The  wire  is  coiled  from  the  faulty 
side  to  the  other,  and  the  test  repeated  as  often  as  is  required, 
A  mile  of  core  with  a  small  fault  in  it  can  by  a  little  practice 
be  put  right  in  an  hour  or  two,  involving  no  more  waste  than  a 
portion  of  the  insulator  which  can  be  held  between  the  fingers, 
and  without  even  cutting  the  ooaduotor.  The  position  of  the 
fault,  when  it  is  obtaioed  between  tho  two  drums,  cau  be  found 
more  closely  by  cleaning  and  drying  the  surfaces  on  each  aide 
of  it,  and  then  touching  the  place  where  the  fault  appears  to  bo, 
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with  the  earth-wire,  and  seeing  whether  there  is  a  £bJI  in  the 
electrometer. 

In  the  second  case,  where  the  bnlk  wonld  prevent  the  whole 
from  being  insulated,  we  should  continue  to  coil  the  oore  upon 
an  insulated  drum  until  the  fault  disappeared — ^that  is,  until  it 
was  coiled  on  the  drum.  This  is  a  use^  method  when  dealing 
with  ^  served  core/'  that  is  core  with  its  hemp  covering  only, 
at  a  cable  factory. 

470.  By  the  foregoing  method  a  joint  may  be  tested  with 
great  ease  by  immersing  it  in  an  insulated  trough  of  water, 
and  putting  the  latter  to  earth,  or  even  by  simply  touching  the 
moist  joint  with  the  earth-wire. 

471.  The  tests  can  be  made  with  a  galvanometer  instead  of 
an  electrometer,  although  it  is  not  such  a  sensitive  arrange- 
ment. In  this  case  the  battery  would  be  connected  through 
the  galvanometer  to  the  conductor,  as  in  an  ordinary  insulation 
test,  and  then  the  drums  be  connected  to  earth  alternately,  when 
the  deflection  of  the  needle  shows  on  which  drum  the  &ult 
exists ;  but  as  the  lengths  on  each  drum  may  be  very  unequal, 
and  consequently  one  drum  may  show  a  greater  deflection 
simply  in  virtue  of  its  having  a  greater  length  of  core  on  it,  the 
rush  of  current  alone  is  not  sufficient  to  enable  the  dnun  on 
which  the  fault  is,  to  be  found ;  but  by  carefully  watching  the 
electrification,  and  seeing  whether  the  fall  is  regular  or  not,  no 
difficulty  will  be  found  in  fixing  upon  the  drum  containing  the 
fault.  The  battery-power  required  will  vary  with  the  magni- 
tude of  the  fault  and  the  sensitiveness  of  the  instnunent,  and 
can  only  be  determined  by  experience  and  experiment. 
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LOCALISATION  OF  A  DISCONNECTION   FAULT  IN  A  CABLE. 
LOCAUSATION  OF  A   TOTAL  DiSCOSHECTION. 

472.  The  localiBation  of  a  total  disconnectioo  in  a  cable  is  a 
very  easy  matter.  The  conductor  being  broken  inside  the 
insulating  Bbeathing,  a  battery  connected  to  the  end  of  the 
cable  will  charge  the  latter  up  aa  far  as  the  fault  only,  conse- 
quently if  we  measure  the  discharge  and  compare  it  with  the 
discharge  from  a  condenser  of  a  known  capacity  charged  from 
the  same  battery,  we  shall  obtain  the  capacity  of  the  portion 
up  to  the  fault.  Also  since  the  capacity  per  knot  of  the  cable 
is  always  known,  the  observed  capacity  of  the  length  in  question, 
divided  by  the  capacity  per  knot,  wU  give  at  once  the  distance 
of  the  fault, 

LOCAUSATION  OF  A  PARTIAL  DISCONNECTION. 

i73.  Partial  disconnection  faults,  although  they  are  seldom 
met  with  in  cablos  with  gntta-percha  cores,  frequently  occur  in 
those  whose  insulating  material  is  indiarubber.  This  arises 
from  the  elasticity  of  the  substance  ;  for  when  any  undue  strain 
ia  put  on  the  core  the  conductor  breaks,  but  the  indiarubber 
only  Btretobes,  and  an  earth  fault  is  not  made.  When  the  strain 
is  taken  off,  the  two  ends  of  the  -conductor  come  together  and 
make  contact  more  or  loss  perfectly.  If  the  break  is  noticed  at 
the  moment  the  cable  is  being  laid  from  the  ship,  its  position  is 
of  course  known.  But  in  some  caEies  a  fault  of  this  nature  does 
not  develop  itself  until  some  time  after  the  submersion;  its 
locality  can  then  only  be  found  by  testing. 

Such  faults  are  difficult  to  localise,  as  none  of  the  ordinary 
tests  are  applicable  to  them.  The  following  method,  however, 
devised  by  the  author,  is  susceptible  of  considerable  accuracy  if 
carefully  made. 

In  Fig.  121,  B  K  represents  the  cable  with  its  further  end  to 
earth ;  R  and  r  are  the  resistances  of  the  portions  of  the  cable 
on  either  side  of  the  disconnection,  and  y  is  the  resistance  of  the 
latter ;  a,  b,  and  c  are  the  three  aides  of  a  Wheatstone  bridge. 
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I  of  which  the  cable  forms  the  fourth  eide ;  g  and  g,  are  twc 
I  galvanometers,  the  former  being  of  the  ordinary  Thomson  form, 
I  uid  the  latter  also  a  Thomson,  hut  provided  with  heavy  needles, 
]  BO  that  its  movements  are  very  aluggiah. 

FlQ.  121. 


^  Connected  to  the  battery,  and  also  to  the  galvanometers,  is  i 
key  of  a  peculiar  description;  it  is  formed  in  two  parts.  The 
ordinary  lever  k  of  the  key  has  its  baak-atop  connected  througli 
the  galvanometer  g,  to  the  junction  of  the  resietances  a,  b  ;  thnfl 
'when  the  key  is  in  its  normal  position  the  galvanometer  gi  i» 
connected  to  earth.  The  second  portion  of  the  key  consiats  of  a 
lever  I,  to  the  underneath  part  of  which  is  fixed  the  metal  piece 
Zi,  which  is  insulated  from  I.  Normally,  as  shown  in  the  figure, 
l{  rests  on  a  stop  connected  fo  one  pole  of  the  battery,  the  other 
pole  of  the  latter  being  connected  to  B.  The  point  P  is  connedfld 
permanently  with  l„  whilst  tlie  lever  I  is  itself  permanently 
connected  to  the  galvanometer  g. 

Now,  the  result  of  this  arrangement  is,  that  normally  tli» 
battery  is  connected  between  the  points  B  and  P,  and  the  gal- 
vanometer g,  is  connected  between  the  junctions  of  a  and  6  and 
with  eai  th,  that  is  with  the  end  B  of  the  cable ;  the  whole 
arrangement,  in  fact,  forms  an  ordinary  Wheatetone  bridge. 

Now,  if  a,  b,  and  c  are  adjusted  that  balance  is  produced, 
then  the  needle  of  the  galvanometer  g^  will  stand  at  zero ;  it, 
when  tbia  is  the  case,  the  key  h  be  depressed,  g,  wilt  be  discon- 
nected, and  when  the  lever  of  k  touches  the  end  of  I,  g  will  be 
put  in  circuit  in  the  place  of  3, ;  but  immediately  this  takes 
place  ii  will  be  lifted  off  its  contact  and  the  battery  will  bo  cnt, 
off;  exactly  at  this  moment  then  the  charges  in  the  cable  willij 
discharge  and  divide  themselves,  portions  flowing  out  at 

.  Arther  end  and  the  other  portions  flowing  out  through  g,  a. 


II 
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b,  and  thence  through  e  to  earth.  A  throw  of  the  needle  of  the 
galvanometer  will  thus  be  produced. 

Supposing  the  key  &  to  be  in  its  normal  position,  so  that  the 
battery  cauaes  a  current  to  flow  through  Uie  cable,  whilst  the 
resistances  a,  6,  and  c  are  so  adjusted  that  the  galvanometer  j, is 
unaffected,  then  let  V  be  the  potential  at  the  beginning,  and  p 
be  tbe  potential  at  any  other  point  of  the  portion  B  D. 

If  now  the  key  be  deprMsed,  the  charges  in  the  cable  repre- 
sented by  tho  areas  A  B  D  C  and  E  H  K,  will  flow  out  at  the  two 
ends  of  the  cable  in  proportions  dependent  upon  the  values  of 
the  reaifltanoes  E,  y,  and  r,  and  the  combined  reBietances  of  a,  b, 
!,,.Ddc. 

Let  v  dx  be  a  differential  part  of  the  charge  A  B  D  C,  then  this 
portion  will  split,  and  the  portions  flowing  out  at  the  two  ends 
of  the  cable  will  be  inversely  proportional  to  the  resistances  on 
either  side  of  v  dx;  thus  the  portion  flowing  out  at  B  will  be 


dCf  . 


.  B+;  +  f  - 


-B  +  j  +  i-   ' 
B  E,  is  the  combined  reeiAtance  of  a,  b,  g,  and  c. 
V  :ii:;E  +  j  +  t-  :  E  +  j+r-i, 


that  is 


<IQ'  = 


i)!_ 


(E,+  E+j+r)(B  +  ,  +  ry 

and  the  integral  of  thia  between  the  limite 

a:  -  E  and  3;  =  0 

will  give  the  quantity  Q'  flowing  through  the  galvanometer, 
that  is 

(B  +  }  +  r  -  »)■ 
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Similarly  we  should  find  that  the  quantity  Q"  floiving  oat 
from  the  portion  r  of  the  cable  would  be 

^"  "  3  *  (E.  +  E  +  y  +  r)  (E  +  y  +  r)' 

and  therefore  the.  total  quantity  Q  flowing  through  the  galYaiu>- 
meter  will  be 

^^^    "  3-(Ei  +  E  +  y  +  r)(E  +  y  +  r)-^-L^J 

Now  the  total  quantity  Qi  which  the  cable  would  take  if  its 
further  end  were  insulated  and  the  end  B  maintained  at  the 
potential  V,  would  be 

Q,  =  V(E  +  r). 

Again,  if /be  the  capacity  in  microfarads  of  such  a  length  of 
the  cable  as  would  have  a  conductor  resistance  of  1  ohm,  then 
nS  +  r)  /  will  be  the  actual  total  capacity  of  the  cable,  and  if 
Q,  be  the  charge  held  by  a  condenser  of  F  microfarads  capacity, 
also  charged  to  the  potential  Y,  then 

Qi:Q2::(R+r)/:F; 

Q^^M^;-_l)/=V(E  +  r), 

F   • 

Substituting  then  this  value  of  V  in  equation  [1]  we  get 

Q  ^  Qa/      (^  +  y  +  ry-(y  +  ry  +  r» 
^       3F  •(Ei  +  E  +  y  +  r)(R  +  y  +  r)* 
Let 

E  +  y  +  r  =  L,  therefore  y  +  »•  =  L  —  R ; 

E  +  r  =  Li,  therefore  r  =  L^  —  E . 
Substituting  these  values  in  the  last  equation  we  get 
Q^M  L»-(L-Ey  +  (L,  ~Ey 
^       3F'  (Ei  +  L)L 

Qt/L^-L'»-3LE^+3L^E  +  E^  +  Li'  +  3LiE'-3VE-g 
3F'  (Ei  +  L)L 

_Qa/  L,'+  3E(L^  -  W)  -  3E'(L  -  LQ, 
3F*  (E, +  L)L 


therefore 


or 
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therefore 

3QF(B,  +  L)I. 


«./ 
therefore 

K"-E(L  +  L,) 
therefore 

B'-E 


-V=3E(L  +  L,)(L-L.)-SE'(L-Li)! 
30F(B|  +  L)L-Q./L,'. 


3  IJ,/(L  -  L.) 
fh  +  L,V      /I  +  L,\ 


3Qr(B,  +  L)L-Q./L,' 
3Q,/(I.  -  L,) 


L  +  L.  /(L+L,y      8QF(E,  +  L)L-li,/L,-   ,„, 

2  V         i  3  «,/(L  _  L,)  l-^J 

Now  the  qaantity  Q  dieoharged  at  B  will  split  between  the 
resietances  g,  and  o  +  6,  the  quantity  Q.  paeeing  through  the 
galvanometer  heing 

from  which 


b  +  o  +  g 


The  value  of  Bi,  the  oombined  resistance  of  a,  6,  g,  aiid  ( 
will  be 


B,  =  a  + 


l  +  c  +  g' 


and  aince  balance  is  produced  in  the  bridge 

therefore 

B    4-  T    -  «  4.   (*  +-^  -1.  ' 


=  (»  +  .). 


.+(6+.)5 


,['«+ 


■'b  +  =  +  g^'-"^''b  -(,b  +  o  +  g)b'-' 
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and  therefore 

Q(B,+L)=^[>(a  +  5)  +  a(6  +  c)]. 

Substituting  this  value  in  equation  [2]  we  get 


L  +  L,         n^  +  ^^y    -^[?(«  +  6)  +  «(6  +  c)]L-Q,A; 

In  which,  as  we  have  before  stated, 

T  -  "" 

SHould  it  be  necessary  to  employ  a  shunt  for  the  galvano- 
meter g,  of  the  ^th  value  say,  then  the  observed  deflection  will 
have  to  be  multiplied  by  n  in  order  to  give  the  value  of  Q,,  and 
also  the  value  of  ^  in  the  formula  will  be  -^th  of  the  aotoal 
resii^tance  of  the  galvanometer. 

For  example. 

In  localising  a  partial  disconnection  in  a  cable  by  the  fore- 
going test,  the  branches  a  and  h  of  the  bridge  were  made  100 
ohms  each,  and  balance  was  obtained  on  g  when  c  was  adjusted 
to  5000  ohms ;  consequently  since  a  and  h  are  equal 

L  =  C  =  5000 . 

The  conductor  resistance  Lj  when  the  cable  was  perfect  was 
2000  ohms. 

The  resistance  of  the  galvanometer  was  6000  ohms,  but  when 
the  discharge  was  noted  it  was  necessary  to  employ  the  -j^th 
shunt,  so  that  in  the  formula  we  must  put 

5000       ,^^ 
,  =  -j^  =  500. 

The  discharge  deflection  observed  on  depressing  the  key  was 
248  divisions,  therefore 

Qs  =  248  X  10  =  2480 . 

The  discharge  deflection  Q^  observed  from  a  condenser  of 
1  microfarad  capacity  (F)  when  charged  to  the  potential  V  wm 
202  divisions  with  no  shunt,  therefore 

Qa  =  202 . 
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The  cable  having  a  conductor  resistance  of  10  ohms  per  mile, 
and  an  inductive  capacity  of  ■  3  microfarad  per  knot,  the  capa- 
city in  microfarads  of  auoh  a  length  of  the  cable  as  would  have 

a  conductor  resistance  of  1  ohm,  would  be  -^7;  =  -03  microfarad, 
that  iB 

/=  -03; 


[500  (100  +  100)  4-  100  (100  +  5000)]  5000  -  202  X  ■  03  x  2000' 
*  '3  X  202  X  -OSCBOOO  -  2000)  ~      "^  '  ~^ 


=  3500  -  2996  =  504  ohms. 

474.  In  making  this  test  practically,  after  c  and  Q,  have  been 
obtained  the  cable  must  be  disconnected  from  the  bridge,  and  a 
resistance  equal  to  L  be  connected  between  B  and  F,  the  potential 
at  the  point  B  will  then  still  be  V,  and  farther  the  galvanometer 
can  be  removed  without  altering  this  potential ;  tlie  condenser 
end  galvanometer  must  then  be  juined  up  in  the  manner  shown 
by  Fig.  77,  page  240,  the  wires,  however,  which  in  that  figure 
are  shown  as  connected  to  the  battery,  being  connected  in  the 
pi'esent  case  to  the  points  B  and  F,  Fig.  121 ;  then  the  dis- 
charge obtained,  multiplied  by  the  shunt  (if  one  is  employed), 
gives  Qi. 

475.  It  will  sometimes  be  found  that  the  cable  is  traversed 
by  an  earth  current.  The  eifecta  of  this  may  best  be  neutraliaed 
in  the  manner  indicated  on  page  224,  Chapter  IX.,  the  com- 
pensating battery  being  connectdil  between  the  cable  and  the 
poijit  B,  and  adjustment  effected  with  the  lever  /  /,  raised  so  as 
to  cut  the  testing  battery  off;  when  the  galvanometer  g,  is  un- 
affected the  adjustment  is  correct,  the  lever  1 1,  is  then  let  down, 
and  the  test  made  as  if  no  earth  current  existed. 

476.  As  it  would  bo  a  matter  of  considerable  difficulty,  if  not 
of  impossibility,  to  adjust  the  bridge  balance  with  an  ordinary 
Thomson  galvanometer  (ji)  in  consequence  of  the  latter  being 
greatly  affected  by  alight  changes  in  the  earth  current,  a  gal- 
vanometer with  a  heavy  needle  whose  movements  are  very 
alnggieh,  and  which  is  consequently  unaffected  by  slight  and 

■  2  0.- 
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sudden  changes  of  oorrent,  is  neoessarv  for  the  purpose.  Far 
mefisaring  the  discharge,  however,  a  nighly  sensiti've  instm- 
ment  (g)  is  necessary,  which  must  be  broaght  into  use  only  at 
the  exact  moment  required,  since  it  is  necessary  that  its  needle 
be  steady  at  zero  at  that  time.  By  the  arrangement  of  key 
shown  in  Fig.  121,  this  object  is  completelT  effected,  as  the 
galvanometer  g  is  only  brought  into  use  at  the  moment  when 
the  battery  is  cut  off,  and  the  cable  discharged. 


(    403    ) 


CHAPTER  XXIY. 

a  method  op  localising  earth  faults  in  cables. 

Localisation  of  Fault  when  Cable  is  not  broken. 

177.  This  test  is  of  the  eame  aature  as  the  forgoing,  and 
possesses  the  advantage  of  having  all  the  necessary  observatione 
taken  simultaneously,  and  from  one  end  of  the  cable  only. 

In  Fig.  122,  R  and  p  represent  the  resiHtances  of  the  portione 
of  the  conductor  of  the  cable  on  either  side  of  the  fault,  and  r 
represents  the  resistance  of  the  fault  itself.     As  in  the  previous 


1^  lartJt 


test,  a,  b.  and  e  are  the  three  aides  of  a  Wheatstone  bridge,  of 
which  the  cable  forms  the  fourth  aide,  and  g  and  g,  are  two  gal- 
vanometers, li;  H,  is  a  key,  the  construction  and  working  of 
which  were  fully  described  in  the  previous  test,  and  which  it  is 
unnecessary  to  oonsider  again  here. 

Supposing  the  key  to  be  in  its  normal  position,  then  let  V 
represent  the  potential  at  the  beginning  of  the  cable,  v  the 
potential  at  the  fault  and  also  at  the  further  end  H,  and  v  the 
potential  at  any  point  between  B  and  D. 

If  now  the  key  k  ie  depressed,  the  charge  in  the  cable,  which 
is  represented  by  the  area  A  B  C  D,  will  flow  out  at  B  and  at 
D  in  proportions  dependent  upon  the  values  of  the  resistances 
r,  B  and  the  combined  resistancea  a,  b,  g,  and  c. 
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Let  V  dx  he  A  differential  part  of  the  charge.     Then  the 
portion  of  this  which  will  flow  ont  at  B  will  be 

where  Bi  is  the  combined  resistance  of  a,  (,  g,  and  c. 

Now 

V  :  r  ::  B  +  r  :B  +  r-a:; 

therefore 

^^yB  +  r-x 
B  +  r    ' 
therefore 

,  (R  +  r-xy 

•^^•  =  ^(R.  +  B+r)(R  +  r)'^^' 

and  the  integral  of  this  between  the  limits  x  =  "R  and  x  =  0 
will  give  the  total  quantity  q^  due  to  the  charge  ABDC, 
flowing  out  at  B,  that  is 


''  =fo' 


(R  4.  r  -  xY 


(B,  +  B+r)(B  +  r) 
V 


dx 


vJ^(R+r-^ydx 


(R,  +  R  +  r)(K  + 

y ^  r(R  -j-  r)3  ,  y3-i 

-(K,  +  R  +  r)(R  +  r)L  3  J 

y  (K  +  r)3  -  r3 


3     (K,  +  R  +  r)(K  +  r) 


Now  besides  the  quantity  qi  there  will  be  a  quantity  g- 
flowing  out  at  B,  due  to  the  charge  represented  by  the  area 
C  D  H  I.     Let  this  charge  be  q\  then 

q'  =  vp; 
but 

V  :  V  ::  R  +  r  :  r, 

therefore 
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therefore 

«■  .  V  i£-. 

«  K  +  r 

ThiB  quantity  j'  in  flowing  out  at  D  will  divide,  the  portiun 
jj  flowing  along  E  and  out  at  B,  being 


3a  = 


+  B  +  r       '(R.+  K  +  r)(B  +  r)- 
Consequently  the  total  quantity  flowing  out  at  B  will  be 

(«+■■)■■ 


«i+j. 


V    (B  +  r)'-r'-|-3r'ji 
■  S  -(E.  +  K  +  OCE  +  rj" 


Q.  [IJ 


Now  if  the  cable  had  no  fault  in  it,  and  its  further  end  were 
insulated,  and  if  it  had  been  charged  to  the  potential  Y,  then 
the  quantity  Qj,  which  the  length  B  D  would  contain,  would 
be  represented  by  the  equation 


Again,  if  /  be  the  capacity  in  miorofarada  of  such  a  length  of 
the  cable  as  would  have  a  conductor  resiBtance  of  1  unit,  then 
E/will  be  the  actual  total  capacity  of  the  length  B  D  ;  and  if 
Qj  be  the  charge  held  by  a  condenaer  of  F  microfarada  capacity 
alao  charged  to  the  potential  V,  then 


Q, :  Q,  : :  E/ :  F ; 


''  Substituting  the  value  of  V  in.  equation  [1]  ws  get 

^~  "P  '  YEl4-B-l-•■^'R-l-•■\'  '■   ■■ 
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or 

Let 

E  +  r  =  L 
and 

R+p  =  Li; 
therefore 

r  =  L  -  E 
and 

p  -  r  =  Li  -  L,    or,   p  =  Lj  -  L  +  r; 

therefore 

(B -f  r)»  -  r»  + 8r»p  =  L»  -  r»+ 3r*(L,  -  L)  +  3r» 

=  L«  +  8r»(Li-L)  +  2f* 
=  L»  +  8(L  -  R)»(Lt  -  L)  +  2(L  -  BTf; 
therefore 

(L  -  R)  + (L  -  R) 20^^^^ 2" 

Also  if  Qs  equals  the  quantity  discharged  through  the  gal- 
vanometer, then  by  substituting  this  quantity  and  the  oombined 
values  of  a,  b,  c,  and  g,  to  which  R^  is  equal,  in  the  manner 
shown  on  page  399,  in  the  last  chapter,  we  shall  have 

3Q.F[g(a+6)  +  a(&  +  c)]L 
^ 6Q,/ ^- 

If  in  making  the  test  it  is  found  necessary  to  employ  a  shunt 
with  the  galvanometer  when  taking  the  discharge,  then  if  the 

value  of  this  shunt  be  ^th,  we  must  multiply  the  observed 
deflection  by  n  in  order  to  obtain  Q3,  and  also  the  value  of  ^  in 
the  above  equation  will  be  ^th  of  the  actual  resistance  of  the 
galvanometer. 
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From  the  cubic  equation  [1]  B  has  now  to  be  determined ;  this 
can  be  done  in  the  following  manner : — 
Dividing  each  side  by  (Li  —  L)°,  we  get 


/L  -  By      8 /L  -  BV 


2(L, -L)'         ■ 
therefore 

\L,~i.^2j       lUii-V      8      2(L,-L)'         ' 
therefore 

that  is, 

Now  this  equation  is  of  the  same  form  ae  the  identity 


If  then  we  put 


2C 


that  ii 


L-B  =  (Li-L)(Q08<i-4); 

K  =L-(L,-L)(oc»a- J).  [4] 


2C 
So  that,  having  worked  out  the  nnmeriool  value  of  y= =-^,  —  1, 

and  aeoertained  in  a  table  of  ooaines  to  what  angle  this  corre- 
sponds, then  the  cosine  of  Jrd  of  this  angle  gives  oos  a,  which 
value  inserted  in  equation  [4]  enables  the  value  of  B  to  be 
obtained. 
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For  example. 

In  localising  a  fault  by  the  foregoing  test,  the  frro  arms  a 
and  h  of  the  bridge  were  made  100  ohms  each,  and  balance  was 
obtained  on  g  when  c  was  adjusted  to  700  ohms;  therefore 
L  =  700  ohms. 

The  resistance  of  the  galvanometer  was  6000  ohms,  but  when 

the  discharge  was  noted  on  it  the  i^th  shunt  was  inserted,  so 

5000      ^^^    ^ 
that  g  =  =  500  ohms. 

The  discharge  deflection  observed  on  depressing  the  key  was 
350  divisions ;  therefore  Q3  =  888  x  10  =  3880.  The  dischai^ 
deflection  Q^  obtained  from  a  condenser  of  1  microfarad  capa- 
city (F)  charged  to  the  potential  Y  was  106  divisions  Tvith  the 
iVth  shunt ;  therefore  4  =  106  x  10  =  1060.  The  capacity  / 
of  such  a  length  of  the  cable  as  would  have  a  conductor  resistance 
of  1  ohm  was  *  08  microfarad ;  and  lastly,  the  total  conductor 
resistance  Li  of  the  cable  when  sound  was  1100  ohms.  Thus 
we  have 

a  =  100 
h  =  100 
^  =  500 
c  =  700 
L  =  700 
Li  =  1100 
Q2  =  1060 
Q3  =  8880 

F    =1 

/    =  -03 

we  then  get 

3  X  3380  X  1  [500  (100  +  100)  +  100  (100  +  70(^  700 

100  X  1060  X  -03 

7003  =  401,770,000  -  343,000,000  =  68,770,000  ; 


C  = 


therefore 
20 


(L,  -  Ly 


-  1  = 


2  X  58,770,000 


(1100  -  700)' 
=  coa  of  33°  13' ; 


-  1  =  -8366  =  cos  3  a 
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therefore 


33°  13' 


the  c 


.ne  of  which  is  'SSli;  therefore 

i  =  700 -(1100  -700)(-9814-4)  =  E07ohins, 


which  givea  the  distance  of  the  fault. 

478.  It  maybe  romarked  that  the  foregoing  test  Ib  an  excellent 
example  of  one  of  those  rare  cases  in  whicli  the  solution  of  an 
equation  of  the  third  degree  is  practically  required,  and  in 
which  the  application  of  trigonometrical  fomiul»  for  the  pur- 
pose is  useful.' 

479.  Now  the  cosine  of  an  angle  can  never  exceed  1,  and  it  will 

BOmetiniea  be  found,  on  working  out  the  value  of  7= y-.-  —  1, 

(L,  —  Ly 

that  its  value  will  exceed  unity ;  consequently  in  suoh  a  case  K 
cannot  be  determined  by  the  help  of  a  cosine  table,  but  some 
other  method  must  be  adopted.     Let  us  determine  this  method. 
In  equation  [3J  (page  407)  let 


L-K 


:  +  T 


1 


-By-^  +  l- 


20 


(L,  -  Lf 

»'+6^+i('-<L---Ly)  =  »- 


2C 

(L,  -  L)'  ■ 


1  =  K; 


a  quadratic  equation,  from  which  y"  t 
ordinary  maimer.     Thus 


Ki;= 
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therefore 


y*-|  =  ±iVK«-l, 


or 

and 

y  +  ^  =  i  {  [K  +  VKS^H]*  +  [K  +  V  K»  -  l]-i} 

=  i{  [K  +  VB?^rT]»  +  K  -  VK*^^]»}  ; 
so  that  we  get 

B=L-(Li  -L)i{[K+  V  K«-  lj»  +  [K  -  VS?^=T]»  -1 
in  which 

and 

p      3Q.F[g(a+&)  +  a(6  +  c)3L 

JFbr  ea:amp2e. 

In  making  the  test,  suppose  the  following  to  have  been  tl 
numerical  values  of  the  different  quantities : — 

a  =  100 
6  =  100 
g  =  500 
c  =  900 
L  =  900 
L»  =  1100 

Qg  =     300  ; 

Q,  =  1230 

F   =  1 

/   =  -03 
therefore 

3  X  1230  X  1  [500  (100  +  1 00)  +  100  (100  +  900)]  900 
^  -  100  X  300  X  -03 

900»  =  538,000,000  -  729,000,000  =  9,000,000 ; 
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therefore 


2  X  9.000,000 
(1100-900)* 


-  1  =  2-25  -  1  =  1-25; 

1  i-lUU  —  3UU  J- 

therefore 

VK"  -  1  =  Vl-25'-l  =  -76; 
tiom  this  we  get 

R  =  900  -{1100-  900;  J  [21  +  -51  -  1} 


200 


J1-3599+  -7937  -  1|  =  795  ohms. 


liOCALISATION   OF   FaULT  WEEN   OaBLE  IS   BROKEN. 

480.  In  this  oaee,  referring  to  page  405,  the  quantity  dis' 
charged  at  B  when  tbe  key  ia  deprei^aed  will  be  only  q,  instead 
of  3i  -(-  Ja ;  cocBequently  equation  [AJ,  on  the  same  page,  will 
become 

_  0,/.  R'  +  aBV  +  aR.- 


3  E    (El  ■ 


0(K  +  ') 


(«  +  '/ 

and  putting 

R 
K.eget 

L'- 
therefore 

-r' 

+  r  = 
-(L- 

3QF(B,  +  E  +  r)(E  +  r) 

L,  and  r  .  L  -  E , 
„,.      3Qr(E,  +  I,)L. 

'     — oT —    • 

L-R.^L.ri«Iffi+iH 


E  =  L-^L.-=iM^Ll 


and  by  substituting  a,  b,  e,  g,  and  Qj.in  the 
page  899,  we  get 


V' 


.      8Q.F[i,(.  +  t)  +»(H-ini  . 
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For  example.' 

In  localising  a  froctnre  in  a  eubmariDe  cable  by  the  I 
going  teat,  a  and  b  were  made  100  ohms  eocli,  and  balance  n 
obtained  on  3  when  c  wae  adjusted  to  700  ohms. 

The  resistance  of  the  galvanometer  was  5000  ohms,  but  wU 
the  discharge  was  noted,  the  -^th  shunt  was  inserted,  tber  ' 

=  500  ohiua. 


5000 


'-    iT 

The  discharge  deflection  observed  on  depressing  the  key  ^ 
180  divisions,  therefore  Q,  =  186  X  10  =  1860.     The  dischai 
deflection  Q^,  obtained  from  a  condenser  of  1  microfarad  capacity  I 
(F)  charged  to  the  potential  V  was  120  divisions  with  the  -^Gi  I 
shunt,  therefore  Qj  =  laO  x  10  =  1200.  The  capacity  /  of  SQch  I 
a  length  of  the  cable  as  wotild  have  a  conductor  resistance^ 
1  ohm  was  '03  mioro&rad,  then 


6=700-^/700'- 


;[500{100+100)+100(100+1 


100x1200k  -03' 
=  700  -  529  =  171  ohma. 

481.  A  great  merit  in  the  foregoing  methods  of  testing  bt 
faults  lies  in  the  fact  that  the  two  cable  measurements  can  h 
made  almost  simultaneously;  thus  the  moment  balance  i> 
obtained  on  g,  by  adjusting  c,  at  that  moment  the  key 
depressed,  and  the  discharge  deflection  Qa  noted  on  the  galT 
nometer  g.  The  other  measurement,  viz.  that  from  the  coit 
denser,  can  be  made  at  leisure.  Thus  after  c  and  Q,  an 
obtained,  the  cable  must  be  disconnected  from  the  bridge,  and  1 
resistance  equal  to  c  be  connected  between  B  and  F,  the  potentid 
at  the  point  B  will  then  still  be  V,  and  further,  the  galvaw- 
meter  g  can  be  removed  without  altering  this  potential ;  flie 
condenser  and  galvanometer  must  then  be  joined  up  in  Uu 
manner  shown  by  Fig.  77,  page  240.  The  wires,  however, 
■which  in  the  latter  figure  are  shown  as  connected  to  the  battel?. 
must  in  the  present  case  be  connected  to  the  points  B  and  I, 
Fig.  122  ;  then  the  discharge  obtained,  multiplied  by  the  b' 
(if  one  is  employed),  gives  (J,. 

482.  Should  earth  currents  be  present  when  (he  test  is  abonl 
to  be  made,  they  may  be  neutralised  in  the  manner  explained 
on  page  224,  in  Chapter  IX.,  and  also  at  the  end  of  tie  kit 
chapter  (§  475,  page  401). 
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CHAPTER  XXY. 

GALVANOMETER   RESISTANCE. 

483.  The  qoeation  of  what  resistance  a  galvanometer  ehonld 
Itave  in  order  that  its  figure  of  merit  may  be  high,  involves 
aeveral  points,  such  as  "  the  shape  of  the  coil,"  "  the  diameter  of 
the  wire,"  <kc.  The  determination  of  all  these  points,  however, 
would  be  more  useful  for  the  purpose  of  finding  what  are  the 
most  economical  conditions  under  whioh  a  galvanometer  can  be 
made,  than  (what  ia  more  to  the  purpose  of  the  practioat  elec- 
trician) for  showing  how  any  particukr  galvanometer  can  be 
arranged  so  as  to  enable  any  particular  test  to  be  made  with 
accuracy. 

The  problem  we  have  to  solve  in  the  latter  case  is  as 
follows: — Having  given  a  galvanometer  with  a  coil  of  a  certain 
size,  should  thin  or  thick  wire  be  on  it  in  order  that  any  parti- 
cular test  may  be  made  under  the  most  favourable  conditions  ? 
Or  supposing  the  coil  to  be  divided  into  several  sections,  how 
should  the  latter  be  coupled  up? 

Beferring  to  Fig.  123,  which  lepre-  ^^''-  ^^■^- 

sente  a  section  of  a  galvanometer  coil, 
let  ua  direct  our  attention  to  the  4  turns 
of  wire  at  A.  If  these  4  turns  be 
joined  up  in  one  continuous  length, 
then  calling  the  resistance  of  each  turn 
4,  their  total  resistance  will  be  4  x  4, 
or  4?.  If,  however,  the  4  turns  be 
coupled  up  for  "  quantity,"  then  their 
joint  resistance  will  be  1. 

If  we  suppose  the  total  current  flow- 
ing to  be  constant,  then  in  the  case 
where  the  4  wires  are  joined  up  in  one 
continuous  length,  the  current  makes 
4  turns  round  the  needle  of  the  galva- 
nometer, its  effect  will  therefore  be 
equal  to  i ;  but  in  the  second  cose, 
where  the  turns  of  wire  are  coupled  up 
for  "  quantity,"  the  same  current  only  makes  1  turn  round  the 


needle,  hence  its  effect  can  only  he  equal  to  1. 


T 
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If  instead  of  i  turns  we  hav'e  9  toms,  thoo  the  relative  vitlu^^H 
of  the  rcBistancee  when  joined  up  in  one  continuous  length,  >^^^| 
when  joined  up  for  "  quantity,"  will  be  as  1  to  9  x  9,  or  9^^^! 
whilst  the  relative  effect  of  the  current  on  the  galvanomela^T 
needle  will  be  as  1  to  9. 

In  the  firet  case  then,  where  the  resistance  "waa  reduced  4'' 
times,  the  effect  on  the  needle  "was  only  reduced  4  times ;  and  in 

■  the  second  case,  where  the  resiBtance  wa8  reduced  9*  times,  th( 
effect  was  only  reduced  9  times ;  or,  in  other  words,  the  effect 
varied  directly  as  the  square  root  of  the  resistance ;  consequeutlf 
for  the  whole  of  the  galvanometer  the  effect  varies  directly « 
the  square  root  of  its  resistance. 

If  we  replace  the  i  wires  at  A  by  a  solid  wire  of  twice  thdi 
diameter,  then  this  wire,  shown  by  the  dotted  linee,  will  hats 
the  same  resistance  aa  these  i  wires  coupied  up  for  "  qnantily,'' 
and  its  influence  on  the  magnetic  needle  will  be  very  neaclj 
the  same.  As  a  matter  of  fact,  the  effect  will  be  rather  less, 
in  consequence  of  the  metal  being  differently  distributed  ovei 
the  area  which  the  4  wires  occupy.  But  inasmuch  as  the  sill 
covering  with  which  the  wires  are  insulated  is  practically  ot 
the  same  thickness  for  large  as  for  small  wires,  if  the  thick  win 
were  wound  on  the  coil  the  sectional  area  of  that  ^re  would 
actually  be  rather  larger  than  the  area  of  the  small  wires  whict 
it  takes  the  place  of,  consequently  we  may  without  any  con- 
siderable error  eay  that  the  effect  varies  directly  as  Vj. 

484.  This  fact  enables  us  to  determine  what  should  be  t!ie 
resistance  of  the  galvanometer  in  order  that  any  particulw 
test  may  be  made  under  the  best  possible  conditions.  Let  oi 
take  the  case  of  the  Wheatstone  bridge. 

I    On  page  173  we  obtained  an  equation  which  gave  the  strength 
of  the  current  flowing  through  the  galvanometer  when  equili- 
brium was  very  nearly  produced,  viz. ; 
■i 


This  equation  may  be  written 

_l Bx{itd,-bi!) 


We  have  shown  that  the  effect  of  tho  galvanometer  coil  > 
'  B  needle  varieB  directly  ea  tbe  atyiare  root  of  the  reaistanoS'j 


GALVANOMETER  BESISTANOE, 


the  former.     Its  effect  must  also  vary  directly  as  the  current 
passing  through  the  coils,  conseijuenlly  the  total  effect  i/L  will 


(a  +  ') 


VJ  +  7-, 


where  k  is  a  coustaat  dependent  upon  the  shape  of  the  coil,  the 
magnetic  strength  of  the  needle,  &c. 

We  have  to  find  what  valne  of  g  will  make  M  as  large  as 
poBsihle,  and  this  we  shall  do,  since  K  k  is  constant,  by  finding 

what  value  of  g  will  mafee  ^g  4,  — ^  aa  tmall  as  possible. 
V3 


and  this  wiU 

he 

made  a  minimum  by  making  if  g  - 

minimum,  that  is. 

by  making 

therefore 

^g.^S;     OP,     g.k; 

bat 

-^' 

.nd''<^  +  ^) 

is 

.l..»„o„C+')(^  +  -',,h=„tx 

r, 


b  +  d  +  x 

and  this  expression  is  the  joint  resistance  of  the  resistaucGB  on 
either  side  of  the  galvanometer ;  theoretically  therefore  we 
should  make  g  equal  to  this  quantity  if  we  wish  M  to  be  as 
large  as  possible. 

This  rule,  however,  although  it  shows  what  value  g  should 
have  in  order  to  make  M  an  absolute  maximum,  is  one  which 
cannot  well  be  strictly  followed  out.  We  should  rather  seek 
to  determine  to  what  ©stent  tho  exact  rule  may  be  violated 
without  seriously  diminishing  M. 
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Let  us  suppoee  ^  to  be  n  times  k^  then  we  have 

for  an  absolute  maximum  n  =  1,  that  is 

Suppose,  now,  we  make  g  nine  times  as 'large  as  kj  that 'is, 
make  n  =  9,  then  we  have 

„        V9        Kic        1        K#c 


9  +  1''  VI"3-3- V"i 

In  other  words,  although  g  is  mne  times  as  great  as  it  should 
be  for  making  M  a  maximum,  yet  M  has  only  been  reduced  frm 

^  down  to  Q^  •     Or,  to  put  it  in  another  way :  supposing  we 

were  making  a  bridge  test,  employing  a  galvanometer  of  the 
exact  theoretical  value  for  obtaining  a  maximum  deflection,  and 
supposing  that  having  nearly  obtained  equilibriuna,  the  deflec- 
tion of  the  galvanometer  needle  was  3«3  divisions,  then,  if  tlie 
resistance  of  the  galvanometer  had  been  9  times  the  theoretical 
value,  the  deflection  would  only  have  been  reduced  down  to 
2  divisions. 

It  must  therefore  be  evident  that,  unless  we  employ  a  gal- 
vanometer whose  resistance  very  much  exceeds  the  theoretical 
value,  this  resistance  will  practically  be  the  one  required.  If  it 
is  necessary  to  draw  a  limit,  we  may  say — avoid  making  the 
resistance  more  than  10  times  as  great  (or  as  small,  as  can  also 
be  shown)  as  the  theoretical  value. 

485.  It  will  be  found  that  in  all  tests  in  which  g  has  a  parti- 
cular best  value,  an  equation  of  the  form 

g  +  k 

can  be  obtained,  h  in  fact  is  in  reality  the  resistance  external 
to  the  galvanometer,  so  that  we  have  simply  to  find  what  this 
resistance  is,  and  then  make  g  as  nearly  as  possible  equal  to  it 
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CHAPTER  XSVI. 

SPECIFICATION  FOR  MANUFACTURE  OF  CABLE.— 
SYSTEM    OF    TESTING-    CABLE    DURINfl    MANUFACTUKE. 

i86.  Aa  soon  aa  the  laying  of  a,  new  cable  has  been  decided 
upon,  and  the  route  wbicli  it  is  to  take  has  been  selected,  &c., 
the  manufacture  has  to  be  commenced.  The  choice  of  the  types 
of  cable  to  be  adopted,  the  lengths  of  the  "  shore  ends,"  "  inter- 
mediate," and  "  deep-sea  "  sections  are  purely  matters  of  expe- 
rience and  discretion  ■with  the  engineers  in  charge  of  the  work, 
and  no  satisfactory  mles  for  general  guidance  can  be  laid  down. 

When  the  deaoription  of  cable  has  been  settled  upon,  a  speci- 
fication has  to  be  drawn  up,  of  which  the  following  is  a  general 

487.  The ^ ^^TBLEOKiFH  Compasy  and 

__^^ Telegraph  Works. 

Contract  Specification  for  the  manufacture  of  the  Submarine 

Telegraph    Cable    of   the . Telegraph 

Company,  to  be  laid  between  the  coast  of ,  near 

,  and  the  Island  of . 

The  following  lengths  of  cable  will  be  required  : — 
Actual  distance,  480  knots  (each  being  2029   yards),  or,  in- 
cluding 10  per  cent,  slack,*  528  Icnots, 


t 


A.  Main  cable       500  knots. 

B.  Intermediate  cable 11      „ 

C  Shore-end  cable       17      „ 

Core. 


The  core  of  the  entire  length  of  cable  to  be  as  follows : — 
Condudor. — To  be  formed  of  a  strand  of  seven  copper  wires 
of  a  conductivity  of  not  less  than  96  per  cent,  of  pure  copper 

*  The  amount  of  alack  required  mil  vary  witli  the  length  of  the  cabla  and 
with  the  depth  of  watei  it  is  laid  in. 


\ 


I 
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according  to  MatthiesBen'B  standard,*'  and  weighing  one  hnndred 
and  seven  (107)  pounds  per  nautical  mile  (2029  yards). 

/nrafator. — Copper  conductor  to  be  covered  with  three  coatings 
of  the  purest  gutta-perdia,  a  coating  of  Cliatterton's  componnd 
"being  placed  next  the  condactor  and  betweou  each  layer  o! 
percba.  The  insulator  to  weigh  one  hnndred  and  fifty  (150) 
pounds  per  nautical  mile,  making  the  weight  of  the  conductor, 
when  covered  with  the  insulator,  two  hundred  and  fifty-seven 
(257)  pounOs  per  nautical  mile. 

The  insulation  resistance  of  each  coil  to  be  not  less  thui 
250  megohms  per  nautical  mile  after  having  been  kept  in  water, 
maintained  at  a  temperature  of  75°  Fahrenheit,  for  not  less  than 
twenty-four  consecutiva  hours,  and  after  one  minute's  electrifi* 
cation. 

Each  coil  of  insulated  wire,  before  being  placed  in  the  tem- 
perature tank  for  testing,  to  be  carefolly  labelled  with  thj 
exact  length  of  wire,  the  exact  weight  of  copper,  and  the 
weight  of  insulator  it  contains. 

A  marcin  of  i  pounds  over  or  under  the  specified  total  wei^ 
(257  lbs.)  will  be  allowed,  but  the  mean  weight  of  the  core  for 
the  whole  cable  must  not  be  under  the  upecified  weight. 

The  core  during  manufacture  to  be  carefully  protected  from 
sun  and  heat,  and  kept  under  water. 

Joinig.— Every  joint  to  be  tested  by  accumnlation,  and  tbu 
leakage  from  any  joint  during  one  minute  not  to  be  more  than 
double  that  from  an  equal  length  of  the  perfect  core.  Notice  lu 
be  given  to  the  inspecting  officer  of  the  company  when  a  joint 
is  about  to  be  made,  so  that  he  may  test  it. 


Sertino  and  Sheathino, 
2lfain  Gable  A. 

Serving. — The  insulated  conductor  to  be  served  with  the  beet 
wet-tanned  Euasiau  hemp  to  receive  the  sheathing  as  specified, 
and  to  be  then  kept  in  tanned  water  and  not  allowed  to  be  out 
of  water  more  than  is  necessary  to  feed  the  closing  machine. 

Sheathing. — The  served  core  to  be  sheathed  with  fifteen  gal- 
vanised iron  wires,  each  '  120  of  an  inch  in  diameter. 

The  lay  to  be  10  inches,  no  loose  threads  of  hemp  to  be  run 
through  the  closing  machine,  and  no  weld  in  any  one  iron  wire 
to  be  within  six  feet  of  a  weld  in  any  other  wire.  The  sheathed 
core  to  be  finally  covered  with  three  coatings  of  Bright  and 

■  Bee  page  358,  %  4*4. 


!l 
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Clark's  compound,  a  Berving  of  tarred  yam  made  from  the  best 
Buiisiaii  hemp  being  placed  between  each  layer  of  compound, 
each  serving  of  yam  being  laid  on  in  contrary  directions,* 

Iittermediate  CMe  B. 

Serving  to  be  similar  in  every  respect  to  that  on  the  Main 
Cable  A. 

Sheathing  to  be  generally  similar  to  that  specified  for  the 
Main  Cable  A,  but  the  iron  covering  to  coDsist  of  ten  galvanised 
iron  wires,  each  ■  180  of  an  inoh  in  diameter.  The  lay  to  be 
10  laches. 

Shore-Etid  Cable  C. 

The  shore-end  cable  to  consist  of  Cable  A  complete,  and 
further  well  served  with  the  best  wet-tanned  Eussian  hemp, 
and  then  sheathed  with  twelve  galvanised  iron  wires,  -300  of 
an  inch  in  diameter. 

The  lay  to  be  17  inches,  no  loose  threads  of  hemp  to  be  run 
tiroiigh  the  closing  machine,  and  no  weld  in  any  one  iron  wire 
to  be  within  six  feet  of  a  weld  in  any  other  wire.  The  sheathed 
core  to  be  finally  covered  with  three  coatings  of  Bright  and 
Clark's  compound,  a  serving  of  tarred  yam  maAe  from  the  best 
Knssian  hemp  being  placed  between  each  layer  of  compound, 
each  serving  of  yam  being  laid  on  in  contrary  directions. 

The  completed  cable  as  fast  as  it  is  made,  to  he  passed  into 
a  tank  of  water  and  kept  covered  with  water  nntil  shipped.  A 
correct  indicator  to  be  attached  to  the  closing  machine,  and  the 
length  of  cable  to  be  marked  as  agreed. 

QnAUTY  OF  Materials. 

The  wire  nsed  in  the  Main  Cable  A  to  be  of  the  best  quality 
of  homogeneooB  wire,  galvanised,  and  having  a  tensile  strength 
of  BO  tons  per  square  inoh  area,  and  8B0  lbs.  as  a  minimum 
breaking  strain  on  a  length  of  12  inches  between  the  clamps. 
The  wire  must  elongate  not  less  than  J  per  cent,  before  break- 
ing. It  shall  bend  round  itself  and  unbend  without  breaking. 
The  joints  in  tbo  homogeneous  wires  to  be  of  the  form  decided 
upon  by  the  company's  and  contractor's  engineers,  and,  as  far 
as  practicable,  no  one  joint  to  be  within  sis  feet  of  any  other 

The  iron  wire  to  be  used  in  Ca"bles  B  and  C  is  to  be  of  the 

*  In  tlie  place  of  tbe  tarred  yaro  and  Bright  and  Clark's  compound,  tro 
lajera  of  laired  (i^,  each  tajer  betog  wound  oa  in  contrar;  direotloDH,  are  bow 
* — ueatlj  emplofed;  this  gires  an  excellent  fimah  to  the  cable. 


^^«^ue 
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quality  known  as  Best  Best,  free  from  ineqnalitiee,  galvaiiiflei 
and  annealed,  and  having  a  tensile  strength  of  25  tons  per 
square  inch  of  area.  A  margin  of  6  per  cent,  'will  be  aUonred 
in  weight,  provided  the  average  weight  is  as  specifiled  abofa 
The  wire  for  Cables  B  and  C  to  be  capable  of  being  bent  round 
a  cylinder  four  times  its  own  diameter  and  nnbent  without 
breaking.  No  wire  of  brittle  quality  shall  be  put  into  the 
cables,  and  the  engineers  or  their  assistants  shall  have  powar 
to  reject  any  hanks  which  break  frequently  in  the  closiiig 
machine,  or  are  of  unsatisfactory  quality.  No  weld  shall  ib 
made  in  the  B  and  C  cables  within  six  feet  of  any  other  weU. 

The  galvanising  of  the  iron  to  bear  four  dips  of  one  minoto 
each  in  a  solution  of  one  part  by  weight  of  sulphate  of  copper 
and  five  parts  of  water. 

Each  intermediate  cable  to  be  finished  off  "with  suitable 
tapers  to  be  arranged  to  the  satisfaction  of  the  engineer  of  the 
company. 

Testing  Accommodation. 

A  proper  room  and  all  necessary  batteries  and  leading  wires 
to  be  provided  for  testing  the  cable  during  the  "whole  manu- 
facture. 

Inspection. 

The  engineer  of  the  company  or  his  agents  to  have  acoees 
to  the  works  for  inspecting  and  testing  cable  and  all  materials 
employed,  and  may  reject  all  materials  which  are  unsatis- 
factory. 

Penalty. 

The  whole  of  the  cable  to  be  completed  on  or  before  the  time 

stated  in  the  tender  under  a  penalty  of per  cent 

on  the  price  for  each  day,  or  fraction  of  a  day,  after  the  said 
time,  until  the  day  the  cable  may  be  actually  completed  and 
ready  for  shipment. 

The  manufacture  may  not  be  carried  on  at  night  without  the 
written  consent  of  the  engineer  of  the  company  or  his  agent. 

The  cable  ship  or  ships  are  not  to  leave  the  wharf  "with  cable 
on  board  until  the  cable  has  been  thoroughly  tested  in  all 
respects  by  the  engineers  or  their  assistants  from  the  shore,  and 
ample  time  after  the  shipment  of  the  last  mile  to  be  allowed 
for  this  purpose. 
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PBT8TEM  OF  TESTING  CABLE  DURING  MANUFACTUEE. 
488.  The  teats  made  by  the  cable  manufacturers,  although 
BjBtematic,  are  not  as  a  rule  quite  bo  esaot  or  lengthy  ae  those 
made  by  the  electrician  representing  the  company  for  whom  the 
cable  is  being  made.  The  cable,  ciuce  manufactured,  passes  out 
of  the  hands  of  the  manufacturer,  and  the  tatter  has  no  further 
interest  in  the  matter ;  whereas  the  company  may  require  at 
any  time  to  loGalise  a  fiiult,  and  tlie  more  precise  the  data  they 
poBsesB  the  more  closely  will  they  he  able  to  determine  the 
position  of  the  defect.  Besides,  when  a  large  number  of  cables 
are  being  made  at  once  at  the  factory  it  would  be  impossible, 
without  a  Tery  large  staff,  to  make  an  elaborate  series  of  teats 
for  each  cable ;  whereas  these  can  easily  be  made  by  the 
electrician  and  his  assistants  when  there  is  only  one  cable  to 
look  after. 

The  methods  of  working  out  the  tests,  and  the  forms  employed 
for  entering  down  the  same,  depend  upon  the  individual  opinion 
of  the  electrician  in  charge  of  the  work,  but  the  following  will 
give  a  general  idea  of  tho  course  to  be  puraued : — 

Tests  of  the  Coils. 

489.  The  core  of  the  cable  is  usually  made  in  2-knot  lengths 
approximately,  which  are  coiled  upon  wooden  drums  as  manu- 
factured, and  then  placed  in  tanks  of  water  heated  to  a  tempe- 
rature of  75"  F.  to  be  tested. 

After  being  placed  in  the  tank,  the  coils  should  remain  there 
for  at  least  twenty-four  hours,  so  that  they  may  acquire  through- 
out their  mass  the  necessary  uniform  temperature.  At  the  end 
of  this  time  the  tests  may  be  taken. 

Sheets  A,  B,  C,  and  D  are  employed  for  entering  all  the 
details  of  the  tests  as  they  are  made ;  the  more  important  of 
these  details  are  then  copied  on  to  sheet  E.  The  working  out 
of  the  teats  of  the  coils  and  cable  is  shown  on  corresponding 
pages. 

The  figures  given  are  such  aa  are  often  obtained  in  actual 
practice.  The  insulation  resiatttnees  of  the  coils  are  very  often 
considerably  higher  than  those  shown,  but  this  entirely  depends 
upon  the  time  which  elapses  after  the  manufacture. 
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Caloplatiohb  fob  Sheet  (A). 

April  Glh. 
Copper. 
Ifo.  1  Coif.                                              Xo.  2  CoU. 
log       213  =      2'3283796                log       21*  =      2-3304I38 
log  ]  -  9916  =         -  2998558                log  2  •  0071  =         ■  3026339 

2-0285238                                           2-0277799 
=  logofl06-79                                  =  logof]06-60 

Ko.  3  Coil.                                            JVo.  1  Orif. 
log       215  =      2-3324385                log       211  =      2-3304138 
log2-0069=        -3025257               logl-9990=        -3008128 

■  2-0299128 
h                    =logof  107-13 

B 

■  log       212 

Hb.  1  Coil. 
log       298  =      2-4742163 
log  1-9916=        -2998558 

2-0296010                     I 
=  log  or  107-05                               ■ 

5  Coil.                                                              J 

=      2-32633S9                                                ■ 

-3008123                                               ■ 

2-02S5231                                              J 
of  106-05                                       j^^^H 

No.  2  Coil. 
log        302  =      2-4800069 
log  2-0074  =         'B026339 

M                                       3  1713605 

H                         o:logOril9-10 

V               m.  3  Coil. 

■  log       SOI  =      2-4S2g73e 

■  Jog  2 -0060=         -3025-257 

H_                                     2-1803179 
^B                   =logori51-48 

^^^^^                      log       296 
^^^^^                   log  1-9990 

2-1773730 
=  log  of  150-44 

Jfo.  4  Coil. 
log       299  =      2-4756712 
log  1-9990  =        -30OH1-JS 

2-174H581 
=  log  of  119-67 

5  Coil. 

2-4712917                                 ^^^^H 
-300SI2S                              ^^^H 

2-0174789                              ^^^^m 
of  148-07                                  ^^^^M 
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CALcrLATiONa  FOE  Sheet  (B), 


Conductor  Seaiilance. 


April  6ili. 


leg 
log  11 


No.  2  Coa. 


log   23-05      = 

log      2-0074  = 


ifo,  3  Coil. 
=  1- 3019166 
=     -3025257 
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Calculations  for  Sheet  (C). 

April  6th, 

Indfictive  Capacity. 

log  3=  -4771213 
log  1720  =  3-2355284 
log   330  =  2*5185139 

G  +  S  _  5460  +  330  _  6790 

6*2311636  a   —    QQA    ~  "qqa 

log  5790  =  8*7626786  ®       ^^  ^ 

2*4684850 

No.  1  Coil. 

log  167*5   =2*2240148 

2*4684850 


1*7555298 
log  1*9946=  *  2998558 


r*4556740  =  logof -2855 


No.  2  (M. 


log  169*5       =2*2291697 

2*4684850 


1*7606847 
log   2*0074=  *3026339 


1*4580508  =  log  of '2871 


No.  3  Coa. 


log  169*6       =2*2291697 

2*4684850 


1*7606847 
log   2*0069=  *3025257 


*4581590  =  logof  *2872 


No.  4  Coa. 


log  171-5       =2*2342641 

2-4684850 


1-7657791 
log     1*9990=    '3008128 


1*4649663  =  log  of  *  2917 
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Oaloulationb  vob  Shiit  (0) — eanUnued, 

No.  5  Coa, 

log  168-5       =2-2265999 

2-4684850 


1-7581149 
log     l-999(r=    -8008128 


1-4573021  =  log  of  -2866 


Percentage  of  Lose. 


No.  1  Coa. 

167-5 
76-25 

No.  2  CoiL 

169-5 
77-25 

log   91-25  =  1-9602329 
log  100        =  2- 

log   92*25  =  1-9649664 
log  100        =  2- 

3-9602329 
log  167-5    =2-2240148 

8-9649664 
bg  169-5    =  2-2291697 

1-7362181 
=  log  of  54-48 

No.  3  Coa. 

169-6 
75-75 

1-7357967 
=  log  of  54-42 

No.  4  Coa. 

171-5 

78-75 

log    93-75  =  1-9719713 
log  100        =  2- 

log   92-75  =  1-9673139 
log  100        =  2- 

3-9719713 
log  169-5    =  2-2291697 

3-9673139 
log  171-5    =2-2342641 

1-7428016                                        1*7830498 
=  log  of  55-81                                =  log  of  54-08 

No.  5  Coil. 

168-5 
77-75 

log    90-75  = 
log  100        = 

:  1-9578466 
2- 

log  168-5     = 

3-9578466 
:  2-2265999 

=  log  of  i 

1-7312467 
53-86 
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Calculations  fob  Sheet  (D). 

Apra  ea 
IruuUUion  Besistanee. 

log  17,000=    4-2804489 
log  173=    2'23804(>1 

1*9924028  =  log  of  98-27  =  yaloe  of  battery 
log  10,020  X  1000  =    7-0008677 
log    152=    2*1818486 

11*1751141  =  log  constant 
log   780=    2*8920946 

14*0^2087        ^"^  ^^f^ii"^  '^'^^  Z  A'^ 
log  6240=    3*7951846  "      ^  ^"  "  __ 


10-2720241  ?2^ 

5460  +  780  _  6240 

780        ~  780 


No,  1  Coil 

10*2720241 
log  148=    2*1702617 

8  1017624  =  log  of  126-41  megs, 
log  1  *  9946  =      *  2998558  ' 


8-4016186  =  log  of  252-1  megs. 


No,  2  Coil, 


10*2720241 
log  142=    2-1522883 


8-1197358  =  log  of  131*75  megs, 
log  2  •  0074  =      *  3026339  

8-4223697  =  log  of  264*5  megs. 


No.  3  Coil. 

10-2720241 
log  144*5    =    2-1598678 

8*1121563  =  log  of  129-47  megs, 
log  2  -  0069  =      •  3025257  

8*4146820  =  log  of  259*8  megs. 
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Calculations  for  Sheet  (D) — continued. 

No.  4  CoH. 

10-2720241 
log  140-6    =    2  •1476763 

8-1243478  =  log  of  133 •IS  megs, 
log  1 • 9990  =      • 3008128 

8  •4251596  =  log  of  266^2  megs. 

No.  5  Coil. 

10-2720241 
log  138=    2^1398791 

8-1321450  =  log  of  135 •SO  megs, 
log  1  •  9990  =      -  3008128 

8-4329578  =  log.  of  271-0  megs. 


Percentage  of  Electrification. 
No.  1  Coa.  No.  2  CoH. 


148 
137 

log    11  =  1-0413927 
log  100  =  2- 

142 
130 

log    12  =  1-0791812 
log  100  =  2- 

3-0413927 
log  148  =  2-1702617 

3-0791812 
log  142  =  2*1522883 

-8711310 
=  log  of  7* 43 

No.  3  Coil. 

144-5 
134 

•9268929 
=  log  of  8-45 

No.  4  Coa. 

140-5 
132 

log    10-5  =  1-0211893 
log  100      =  2- 

log     8-5=    -9294189 
log  100      =  2- 

3  021 1893 
log  144-5  =  2-1598678 

2^9294189 
log  140-5  =  2-1476763 

•8613215 
=  log  of  7-27 

-7817426 
=  log  of  6-05 

432  HANDBOOK  OF  ELBGTBICAL  TESTIHa. 

Caxculations  fob  Shket  (D) — conHnmed. 


m.  5  CM. 

188 
127-6 

log    10*5  =  1*0211893 
log  100     =  2- 

8*0211893 
log  138     =2*1398791 

•8818102 
=  log  of  7*61 
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Tests  of  tre  Cable, 


1 


480.  Ab  Boon  08  one  or  more  ooils  have  been  tested,  the 
fftcture  of  the  cable  is  commenced,  and  as  each  ooil  is  panNl 
I  throagb  the  covering  or  "  closine  "  machine,  anotiier  is  joiatri 
on,  the  joint  being  made  at  siioh  a  time  that  at  least  tyfentj- 
four  boars  can  olap§e  between  the  making  and  testing  of  the 
mune.  To  ensure  thie  neceeeary  time  intervening,  as  soon  u 
«ne  joint  is  passed  through  the  closing  machine  the  next  slionld 
be  made,  so  that  there  is  a  length  of  two  knots  of  ooiJ  to  be 
sheathed  before  the  new  joint  is  reaahed. 

The  system  of  testing  joints  has  been  deacribed  in  Chapta 
XIX-  A  foim  for  entering  the  results  of  the  tests  ia  shown  by 
Sheet  F. 

In  making  a  joint  it  is  necesBary  to  out  off  a  certain  length 
from  each  coil.  The  amount  of  this  length  vanes  according  to 
circumstances,  but  it  is  seldom  more  than  a  few  ,^'ards. 

The  order  in  which  the  coils  are  jointed  together  does  not 
always  correspond  to  the  order  in  which  they  are  tested  at  75', 
and  therefore  it  ia  necessary  to  note  down  thc-ir  consecutive 
order  in  a  column  provided  on  the  test  sheets  for  (he  purpow 
In  the  case  of  a  fault  occurring  in  the  cable,  this  information  is 
of  use  in  enabling  an  accurate  measurement  to  be  made. 

Sheets  G,  II,  I,  J,  and  K  show  the  syatem  of  entering  the 
teats  as  they  are  taken  each  clay.  The  method  of  working  out 
and  entering  the  resalts  will  be  understood  from  the  examplci' 
givQti.  ] 

In  working  out  the  conductivity  test,  in  order  to  correct  tlH' 
temperature  coefficiont,  the  percentage  of  purity  of  the  coppa 
is  aasamed  to  be  the  arithmetric  mean  of  the  percentages  of  each 
2-knot  length  at  75° ;  this,  although  not  strictly  correct,  is  bo 
close  an  approximation  to  the  truth  that  no  perceptible  enor  is 
luado  by  considering  it  to  be  so. 

With  refercnoe  to  columns  49  to  55  on  Sheet  J,  as  has  been 
explained  on  page  206,  %  225,  the  joint  insulation  resistance  ofi 
number  of  wires  is  equal  to  the  reciprocal  of  the  sum  of  the  reci- 
pi-ooals  of  their  respective  insulation  resistances.  Column  52 
contains,  therefore,  the  reciprocals  •  of  the  values  in  column  51. 
These  reciprocals  are  added  together,  and  the  reeulta  noted  in 
column  53,  the  reciprocals  of  these  numbers  (multiplied  by 
10  million)  give  the  values  in  column  54. 


II 
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Column  65  ia  obtained  by  comparing  tSolnmn  49  with 
column  54. 

491.  When  the  cable  is  completed  it  ia  usual  to  make  special 
teatfl  for  insulation,  keeping  the  current  on  for  half  an  honr, 
first  with  a  zinc  and  then  with  a  copper  current,  the  deflections 
being  noted  at  the  end  of  ea«h  minute.  An  interval  should 
elapse  between  the  testa  with  the  zinc  and  copper  current, 
during  which  time  the  cable  must  be  pat  to  earth ;  this  enables 
the  cable  to  become  neutral  before  the  copper  current  is  put  on. 
If  the  cable  be  connected  to  a  galvanometer  immediately  after 
the  test  with  the  zinc  current,  a  continuous  but  decreasing 
current  will  be  found  to  flow ;  as  soon  as  this  current  ceases, 
the  cable  will  be  neutral,  and  tha  test  with  the  copper  current 
can  be  made.  A  cable  sometimes  takes  an  hour  or  two  to 
become  neutral  (page  333,  §  389). 

492.  An  electrometer  test  for  fall  of  charge  is  also  sonietiraea 
taken  as  a  chock  (page  324,  §  376). 
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I 


Calotlations  for  Sheet  (G). 

Length  Manufactured. 

1404        =  3'1473671 
274-23  =  2-4381466 

■7092205  =  log  of  5-1191 


Calculations  for  Sheet  (H), 
Conductor  Beaistattce. 


488  HAKDBOOK  OF  ELEOTBIOAJL  TBSTIKO. 

CALcuuLnoNS  lOB  Shbbt  (I). 
Inductiw  OapaeUif. 


log       8=    -4771213 
log  1720  =  8-2355284 
log    100  =  2.                            ^^Q      5460+lbO 

5560 

5'71264d7                   8      '           100 
log  5560  =  3-7450748 

"  100 

1-9675749 

log  165*5  =  2*2187980 
1*9675749 

-2512231 
log  5-9926=    -7776153 

1*4736078  =  log  of  -2976 

Percentage  of  Loss. 

165-5 
90 

log   75-5  =  1-8779470 

log     100  =  2- 

3-8779470 
log.l65-5  =  2-2187980 

1-6591490  =  log  of  45-62 

log  17,100=    4-2329961 
log  173       =    2-2380461 


Calculations  for  Sheet  (J). 
Insulation  Besistance, 


2-9949500  =  log  of  98-84  =  value  of  battery 
log  10,020  X  1000  =    7-0008677  "'""" 

log  152      =    2-1818436 

11  1776613  =  log  constant 
log  1480     =    3-1702617 

14  -  3479230     Bes.  of  Galvanometer  and  Shunt  =    i 
log  6940     =    3-8413595         „       1  OeU  =  u 

10-5065635  2C 
log  164*5  =    2-2161659           ^      ^  - 
G  +  S  _  5460  +  1480  _  6940 

8-2903976  S      7        1480        "  1480 
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Calculations  for  Sheet  (J) — continued. 

April  9tJi. 

log  5-1194  =  -7092191  log  -8732  =  1-9411137 

log  ooeflf.*  56°  =  -6274066  log  ooeff.*  67*^  =    -2641712 

-0818125  T- 6769425 

=  log  of  1  •  2073  =  log  of  •  47527 

•47527 - 


1-68257 


8-2903976 
log  1-6826=    -2259809 


8-5163785  =  log  of  328-38 
log  5-9926=    -7776153 

6-7387632  =  log  of  54-798 


Estimated  Insulation  Besistanee. 


log  270-3       =2-4318460 
log      1-9952=    -2999864 


2- 1318596  =  log  of  135*48 


Percentage  of  Increase, 

54-798 
43-735 

log    11-063=  1-0438729 
log  100         =  2- 

3-0438729 
log   54-798  =  1-7387647 

1-3051082  =  log  of  20 -2 


♦  Table  V. 


440 


HAVDBOOK  OF  EUBOmOAIi  TJWlBg. 


O 


SI 
6 

s 

i 


S 


a 

i 


a 


§ 


o 


p 

i 


§ 


I 


Ml 


]3^ 


S    So 


I? 


S 


00        lO 


1^   I " 


I 


4 


00 


i 


5 


04 


IS 

|0> 


eo 


1 


Str 


1-H         A 
QO        Cd 


1^ 


s  s 


CQ 


i-l        Ofl        i-l 


o 


00 

o 


Btc 


1^1 


3| 


C4        CO 


o 


o     o 


o 


1^ 


eo 


s 


cq 


iH     i-i     e« 


•i2 


00 


r     Oi 


li 


< 


442 


HANDBOOK  OF  ELEGTBIOAL    TESTUSTG. 


2 

o 

g 
3 


S      3 


EH 


Ed 
EH 


SS 


s 


S 


04 


8 


S3 


oo 


l|s 


ls 


S    3S 


I 


e: 


I 

OD 


I 


i 


in 


s 


=31 


S 


OO 


M 


1^ 


0 

a 


goo 
•gco 


CO 


*^ 

B 

P 

H* 

i 

Si 

^ 

6 

t 

^ 


4> 


3     M 

-9 


a 


S 


'jd^smoireAiVf) 
JO  9oavi^8{9aH 


e^ 


o 


CO 


^» 


(3 


eq 
e^ 


a  So  6 


CO 


.CO 
M  • 


CO 


CO         >Q 


S- 


fH      e^ 


.t>        00 


S  ft 


HAHDBOOK  OF  ELKTTBIOAL   TKBTIira. 


i 

Jt 

= 

1 

s 

s 

s 

ja  fwsj,  inuj  ram 

3 

1       : 

s 

s 

I 

5 

1       ' 

i 

s 
s 

S 

li 

1 

H 

S 

Is      -  •  1 

1 

wsBdiiprf^a 

3 

a  SS 

i 

s 

^ 

iion»inioi  -iwi  M  pm 
BUI  »o|  JO  afciBBOiaa 

3 

3 

s 

g 

i4 

a 

|s         .    =  1 

1 

1 1 

b 

. 

? 

? 

t- 

1 

= 

J. 

g 

s 

1 

. 

i^ 

S 

g 

•3 
1 

3j»o,oinSii8i|sviL 

li 

? 

8 

.JSTS', 

s 

li 

s 

i 

^S'S^ 

= 

1  ? 

? 

1 

■»11 

OJO«PJO^']i™«=« 

^, 

r-         « 

N 

^. 

1 

" 

1      =      -    1 

1 

- 

i|" 

= 

OJ 

(    445    ) 


CHAPTER    XXVn, 

MI8GELLATIEOU8. 


493.  On  pftge  6  it  was  pointed  ont  that  the  rale  of  multiply- 
ii^  the  total  insnlation  by  the  mileage  of  the  wire  to  get  the 
inHulation  per  mil©  was  not  strictly  correct.  Now,  although 
the  leakage  in  a  telegraph  line  insulated  on  poles  is  really  a 
leakage  at  a  aeries  of  detached  points,  and  not  a  uniform  leak- 
age, as  in  a  cable,  yet  practically,  and  especially  in  the  case  of 
long  lines,  it  may  be  considered  as  taking  place  uniformly,  and 
consequently  the  solutions  of  problems  dealing  with  cables  also 
apply  with  considerable  accuracy  to  land  lines.  We  may  there- 
fore consider  the  case  in  question  by  the  help  of  the  equations 
we  have  obtained  in  the  investigations  made  in  Chapter  XXII. 

On  page  386  we  have  an  equation 


where  r  is  the  conductivity  resistance  per  unit  length  and  i 
the  insulation  resistanco  per  unit  length,  of  the  line.  Also  on 
page  390  we  have  an  equation 

where  R,  is  the  total  resistance  of  the  line  when  the  further  end 
is  to  earth,  and  R,  the  total  resistance  when  the  end  is  insulated. 
By  combining  these  two  equations  we  have 

E.B.  =  r'i  =  ri. 
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If  we  take  the  nnit  length  to  be  a  mile,  then  r  being  the  true 
oonductor  resistance  per  mile,  t  will  be  the  inBttlation  resistanfle 
per  mile. 

It  will  be  seen  that  the  mileage  of  the  line  does  not  oome 
into  the  equation,  this  quantity  being  represented  by 

E. 

■         • 

r 

What  we  do,  in  fact,  in  order  to  obtain  the  true  insulation  per 
mile  of  a  line,  is  to  multiply  the  total  insulation,  not  by  the 
ahsolfUe  total  conductivity  divided  by  the  absolute  oonduotivitf 
per  mile,  which  is  the  same  thing  as  the  mileage,  bat  by  the 
observed  total  conductivity  divided  by  the  true  conductivity  per 
mile. 

For  example, 

The  resistance  of  a  line,  200  miles  long,  when  the  farther  end 
was  insulated  was  4000  ohms.  When  the  end  "was  to  earth  the 
resistance  was  2400  ohms.  The  absolute  conductor  resistance 
of  the  wire,  at  the  time  the  measurements  were  being  made,  was 
known  to  be  16  ohms  per  mile.  What  was  the  true  insulatioiL 
per  mile  of  the  line  ? 

t  =  4000  X  ^^  =  600,000  ohms. 

lb 

The  value  of  i  given  by  the  ordinary  rule  would  be 

t  =  4000  X  200  =  800,000  ohms, 

a  result  200,000  ohms,  or  83  per  cent.,  too  high. 

494.  It  must  be  evident  that  what  is  ordinarily  called  the 
conductor  resistance  of  a  line  is  really  the  true  conductivity 
resistance  diminished  by  the  conducting  power  of  the  insulators. 
Conductivity  resistance,  therefore,  in  the  case  of  a  land  line  can 
only  be  measured  accurately  in  fine  weather,  when  the  insxda- 
tion  is  very  high.  To  obtain,  then,  the  value  of  r  from  equation 
[A]  it  would  be  necessary  to  take  a  conductivity  test  in  fine 
weather,  and  to  note  the  temperature  at  that  time ;  and  then 
when  an  insulation  test  is  made  in  wet  weather,  to  observe  the 
temperature,  and  from  this  correct  the  value  of  r  previously 
obtained  in  the  fine  weather. 

In  the  case  of  a  submarine  cable,  the  insulation  resistance 
(when  the  cable  is  in  good  condition)  is  always  so  greatly  in 
excess  of  the  conductivity  resistance  that  the  true  value  of  the 
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latter  is  obtained  at  once  by  meaauring  the  reBiBtance  of  the 
cable  when  its  end  is  to  earth.  Also  the  insulation  per  mile  is 
practically  equal  to  the  total  resistance  when  the  end  is  insulated, 
multiplied  by  the  mileage. 

Testing  Telegraph  Lines  by  Eeceived  CtrREEUTS. 

495.  The  aystem  of  daily  testing  for  insolation,  described  in 
Chapter  I.,  page  6,  and  which  was  in  general  use  on  the  lines 
of  the  Postal  Telegraph  Department,  has  now  been  euperaeded 
by  a  Byatem  of  testing  by  received  currents,  which  possesses 
many  advantages  over  the  old  method  of  testing. 

Every  day  at  a  definite  time,  currents  from  batteries,  each  of 
an.  approidmately  definite  electron) otive  force,  are  transmitted 
over  the  different  lines,  or  sections  of  lines,  and  the  strengths  of 
the  currents  received  at  the  further  ends  are  measured.  It  is 
evident  that  the  strengths  of  these  currents  will  vary  with  the 
amounts  of  leakage  on  the  lines,  that  ia  with  the  state  of  their 
insulation ;  if  then  the  battery  power  employed  for  trans- 
mitting the  currents  be  constant,  the  strengths  of  the  received 
currents  observed  from  day  to  day  will  give  an  accurate  know- 
ledge of  the  condition  of  the  lines. 

The  way  in  which  this  general  principle  is  practically  carried 
out  is  as  follows : — 

Let  A  B  (Fig.  124)  represent  the  section  of  line  to  be  tested, 
then  to  each  end  of  the  latter,  resistances,  R,  B,  of  10,000  ohms 


each  are  connected,  together  with  a  galvanometer  G  (whose 
resistance  is  320  ohms)  and  a  battery  E  (whose  resistance  is 
also  approximately  32U  ohms),  as  shown.  Although  the  sections 
tested  are  not  all  of  equal  lengths  or  resistances,  yet  practically 
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they  are  snoh  that  they  may  all  be  aosiimed  to  have  a  nun 
oonductor  resistanoe  of  1000  ohms. 

Now  it  can  be  demonstrated  mathematioally  that  if  tb 
reaifltanoes  R,B,  are  ver^  great,  then  a  ** resultant "  firalt*/ 
(that  is,  the  total  insulation  resistance  of  the  line)  will  prodnce 
yeiy  nearly  the  same  effect  on  the  current  received  on  the  gal- 
Yanometer  G,  whether  this  fanlt  is  at  the  middle,  at  the  end,  or 
at  any  intermediate  point  on  the  line.  As  a  matter  of  &ei  ^ 
fanlt  has  the  greatest  influence  when  it  is  at  the  middle  of  ti» 
line,  and  the  least  influence  when  it  is  at  either  of  the  ends,  bot 
when  the  resistances  B,  B,  are  each  about  10  times  the  oon- 
ductor resistance  of  the  line,  then  the  difference  in  the  two  oasei 
is  practically  very  small.  If  then  we  assume,  for  oonyenienoe  ol 
calculation,  that  the  resultant  fault  is  at  the  middle  of  the  line^ 
we  have 


where  0^  is  the  current  received  on  the  galvanometer  G,  E  the 
electromotive  force  of  the  battery,  and  Bi  tiie  total  resistanoe 
on  either  side  of  the  fault  /. 
From  this  equation  we  get 

f_       B,'  1 

a     ^    Bx^a""B, 

Now  the  battery  from  which  the  current  is  sent  consists  of 
50  Daniell  cells,  and  if  we  take  the  electromotive  force  of  a 
Daniell  cell  to  be  1  •  07  volts  approximately  we  have 

E  =  50  X  1-07  =  53-6  volts. 
We  also  have 

El  =  320  +  10,000  +  600  =  10,820  ohms ; 
therefore 

•'  53-6  2 


10,820  X  10,820  X  C,      10,820 
•00000045698  _  .^^^^^^3^  ''^' 


where  C,  is  measured  in  amperes. 

*  See  page  230,  §  261. 
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If  now  we  so  adjnst  the  galvaaometer  G  by  means  of  the 
directing  magnet,  that  one  milliampere  (nrmrtl'  ampere)  of 
current  gives  e,  deflection  of  25°,  then  if  (f  be  the  deflection  given 
Iby  any  other  current,  we  muet  have 

From  this  laat  equation,  then,  ■we  can  obtain  the  etrength  (C,) 
of  the  received  current,  in  ampfireB,  corresponding  to  any 
particular  deflection ;  whilst  from  the  previous  equation,  by 
inserting  this  value  of  C„  we  can  ahtaio  the  correepontling  value 
of/,  that  is  the  total  insulation  reeistance  of  the  line. 


Suppose  d"  =  40° ;  then 

C,  =  -831)0996  X  -0021445  =  -0017994 ampere 
or  1  •  80  milliamptrea,  approximately. 


1 


■00000045698 


-0017994 


-00018484 


or  14,500  ohms,  approximately. 

496.  In  order  to  save  calcuiation,  a  table  showing  the  values 
of  0,  and  /  corresponding  to  the  various  deflections  (tf),  is  pro- 
vided at  each  of  the  diflerent  test  ofGxses ;  this  table  is  arranged 
as  follows : — 


Slrengili 

BielBUuiH. 

Olinm. 

Obnis. 

49° 

2-il 

5,010 

242 

271.000 

28*° 

M6 

4,820 

2'»8 

142.000 

114 

4,630 

2-3* 

96.500 

112 

4.450 

47= 

2.30 

72.100 

1-09 

4.2W 

tW 

2 '26 

67,500 

1'07 

4,120 

2-22 

47,800 

2'i° 

1-05 

3,S70 

2-18 

40,71)0 

1-02 

3,820 

45° 

2-14 

3u,4U0 

'26° 

I'OO 

3,630 

DeQectioQ  from  atandaid  cell  through  galvaaomekr,  with  both  plugs  oii 
U)  be  made  25°. 
fiattcTj  sonding  current  lo  give  491°  oo  galTunomBter,  willi  both  plugs  oi 
id  adjusted  at  above,  with  20,000  ohnu  in  circuit. 
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497.  In  order  that  the  station  tranemitting  th©  currentsmw 
be  able  to  ascertaio  wlietlier  his  SO-cell  batterj  is  in  projiK 
coDdition,  he  can  teat  its  electromotive  force  in  the  lulJowing 


Tbeh 


e  battery  being  joined  up  in  oircnit  with  th©  galvanometei 
and  two  of  the  10,000  ohms  roeiatances,  the  deflection  is  iiatol 
Now  if  the  60  cella  are  in  proper  condition,  their  total  electro- 
motive force  wonld  bo  ~ 


60  X  1-07  =  53-6  volts. 


ctrfrj 
)liM 


Taking  then  the  resiatanoe  of  the  battery  to   be  320 

approximately,  and  the  resistance  of  the  galvanometer  being 
1070  ohm§,*  the  current  deflecting  the  needle  will  be 

820 +  10,OW:riO,000  + 1070  ■  ^'^'^  milli.mr«t«. 

But  the  adjustment  of  the  tangent  galvanometer  should  be 
Buch  that  1  milliampire  of  current  gives  25° ;  coueeqnently  if 
the  electromotive  force  of  the  GO  cells  is  equal  to  53 '  5  volte,  the 
deflection,  ii°,,  obtained  should  bo  such  that 

tan<r.  :  tan  25^:;  2-6012  :  1; 


tantT  =  tan  25°  X  2-5012  =  -4663  x  2-5012  =  1-1G63 

=  tan  49i°  approximately. 

49^°  then  is  the  deflection  which  should  be  obtained  if  the 
battery  is  in  proper  condition ;  if  the  latter  is  not  the  case,  how- 
ever, then  the  power  is  brought  np  to  its  approximate  propflT 
value  by  adding  on  an  extra  cell  or  two  until  the  deflection  is  in- 
creased to  49^°  as  nearly  aa  possible.  It  is  seldom  necessarr. 
however,  to  do  this  in  practice. 

498.  The  meaaurement  of  the  currents  is  effected  by  means  of 
a  tangent  galvanometer  of  &  pattern  nearly  aimilai*  to  that 
shown  on  page  18,  and  the  standard  coll  described  on  page  IIS. 

Fig.  125  shows  in  general  plan  the  arrangement  of  the 
galvanometer. 

In  this  inatmment  there  are  three  coils  of  wire,  the  one 
nearest  the  needle  consiating  of  No.  35  copper  wire  wound  to  ■ 
resistance  of  320  ohms.      The  o.ther  two  coils  are  of  No.  18 

*  Wlien  tliia  test  id  ^tsiag  mode  tlie  galTa.Qami?teT  rcaistanoa  ig  320  +  730 
-  lOTOolime;  tlio  750  ohms  ia  a  reaiatan™,  connEOt«d  to  the  iDEtrumeDl, 
rlioM  nw  will  be  explained  in  deacribing  the  latter.  ' 


I 
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gauge — the  one  between  G  and  D-  making  three  tume,  and  tiie 
one  between  D  and  E  making  twelve  turns  in  the  opposite 
direction.     The  latter  coils  are  for  testing  batteries.     Let  c  be 


the  current  whose  strength  is  to  be  tested,  then  if  we  oonnec 
the  wires  conveying  this  current  on  to  terminals  0  and  D,  " 
get  an  effect 

c  X  3  =  3c. 


If  we  connect  the  wires 
will  be 

CX  12 


to  terminals  C  and  E  the  effect 
-  c  X  3  =  9c. 


Again,  if  we  connect  the  wires  to  terminals  D  and  E,  the 
iffeot  will  be 

c  X  12  =  12  c. 

Lastly,  let  terminals  C  and  E  be  coupled  together  by  a  piece 
if  wire,  and  let  the  connecting  wires  conveying  the  current  to 
ifijueasurod  be  connected  to  termiQals  C  and  D,  then  the  onrrent 
ill. 
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0  will  BDlit,  and  the  amofont  going  through  the  12  tnnu  of 
wire  will  be 

8  1 

^^12  +  3  =  ^5' 

and  the  amount  going  through  the  8  turns  of  wire  will  be 

12  4 

The  effect;  prodnoed  by  the  current  going  through  the  12 
turns  of  wire  will  be 

c  -  X  12  =  0  -=- ; 
o  o 

and  the  effect  produced  by  the  current  going  through  the  8 

turns  will  be 

4      «         12 
0^X3  =  c  — . 

0  o 

Therefore  since  the  currents  both  affect  the*  needle  in  the 
same  direction,  the  joint  effect  will  be 

12   .      12         24 
c~  +  c--  =  c  ^   =  c4:'8. 
5  5  5 

We  can  therefore  obtain  degrees  of  sensitiveness  in  the 
proportions 

3:4-8:  9  :  12 
or 

1  :  1-6  :3:4. 

These  relative  values  are,  however,  only  approximate.  The 
resistances  of  the  wires  are  practically  nil. 

An  adjusting  magnet,  similar  to  that  used  on  the  Thomson 
galvanometer  (page  34),  is  set  on  the  upper  part  of  the  instru- 
ment. 

499.  In  testing  the  strength  of  a  current  in  milliamperee, 
the  standard  cell  is  connected  to  A  and  B,  and  both  plugs  being 
removed  from  the  plug-holes  a,  6,  the  key  K*  is  depressed. 
There  is  then  in  circuit  a  total  resistance  of  1070  ohms,  viz. 

*  In  the  more  recent  instruments  this  key  short  circuits  the  terminals  A 
and  B  when  it  is  depressed  and  not  when  it  is  raised;  this  arrangement 
is  found  to  he  more  satisfactory  than  the  old  one,  since  it  enables  obeerratioDfl 
to  be  taken  without  the  necessity  of  the  key  bein^  continually  held  down, 
whilst  the  object  of  the  key  (the  checking  of  the  oscillations  of  the  needle)  is 
effected  equally  as  well  by  the  new  arrangement  as  by  the  old  one. 
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750  -}-  320.  Aa  the  electromotive  force  of  tlie  standard  cell  ie 
1'07  volta,  the  resulting  deflection  of  the  galvanometer-needle 
(wliich  ie  adjusted  by  means  of  the  adjusting  magnet  to  25°} 
will  bo  due  t«  a  current  of 

I '07 

~—  =  -001  ampSre,  or,  1  milliampere, 

and  any  other  deflection  obtained  with  any  particular  current, 
compared  by  direct  proportion  with  the  standard  deflection  (the 
two  deflections  being  of  course  reduced  to  tangenU),  will  give  the 
Btrength  of  that  current  in  milliamperes. 

When  the  standard  deflection  is  obtained,  the  standard  cell  is 
removed  and  the  circuit  from  which  the  received  current  is  to 
be  measured  is  connected  to  terminal  A,  terminal  B  being  put 
to  earth. 

To  DETERMISE  THE  INSOLATION   BkSISTABCE  OF  A  LiNE  WHES  THE 

8TRENBTHS  OF  THE  SsNT  AND    RECEIVED  COREENTS   ARE 

KNOWS. 

500.  The  further  end  of  the  line  being  to  earth,  and  I  heing 
the  length  of  the  line,  we  have  from  equation  [2],  page  386,  by 
putting  a;  =  I, 

Current  sent  =C,  =  — jAe"'  —  Be""'li 
and  &om  the  same  equation  by  putting  a;  =  0, 

Current  received  =  C,  =  - 1  A  —  B    ; 
therefore  ^^^H 

C,  _  AC-Be-"'  J^H 

but  from  equation  [4],  page  387,  we  have 
therefore 

i  0.    '•'(%  +  ')--(%-'). 


1 
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by  ioaerting  the  values  of  o",  a""",  and  —  ,  given  by  equatu 
[10]  and  [12],  pages  390  and  391,  we  get 


C."  '~  ^~2  ^ 

2v'B, -B. 


VB<  + 


Vr. 


VHP 

The  valae  of  R,  alttough  it  oonld  te  determined  from  t 
ly  a  BOmew 
then  get 

c,        Ve; 


S nation,  would  be  represented  by  a  somewhat  complex  ft 
.  however,  we  have  cr  =  0,  w«  th 


j==.     or,    E.-E.jjeTr. 


In  which  equation,  C,  and  O,  (being  in  the  form  of  a  _ 
I  portion)  may  be  measured  in  amperes  or  milliampireB,  or  indeed,! 
I  m  any  multiple  or  aubmultiplo  of  an  ampere. 

For  example. 

The  reeiBtanco  of  a  line  when  to  earth  at  the  further  end 
was  1500  ohms  (R,).  The  strengths  of  the  sent  and  received 
onrrents  were  2 '  8  aud  2 '  6  millianipereB  reepectlTely.  What  was 
the  total  insulation  reeiBtance  of  the  line? 

I  Ki  =  1500  2.8.^1^2-6'  "  ^"'^'^^  *'^"^' 

The  measurement  of  the  received  current  must  be  made  by 
moana  of  a  very  low  rosietance  galvanometer  in  order  to  avoid 
the  introduction  of  the  quantity  o-  into  the  formula. 
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501.  Having  obtained  E„  the  insulation  pei 
be  obtained  in  the  manner  shown  on  page  44£ 
method  of  doing  this  is  the  following:  — 


mile  oonld 
shown  on  page  |45 ;  a  simpler 


If  E  be  the  electromotive  force  of  the  battery  » 
ourrent,  then  we  have 


by  substituting  this  value  in  equation  [BJ 

Again,  for  equation  [A],  page  445,  we  have 
K, 


:    R;- 


Bi  =  ^ 


■where  i  is  the  true  insulation  resistance  per  mile  of  the  line, 
and  r  its  true  conductivity  resiatance  per  mile ;  therefore 

ir         .        E'  E'  . 


E. 


"E,(c,'-  G;y 


in  which  C,  and  C,  are  in  amp&res,  E  in  volts,  and  i 
ohms,     If  C,  and  C,  are  measured  in  milliampSres,  then   ' 
have 

.      (E  X  1000)'      E»  X  1,000,000   . 

'  =  rtC,"-c/)  =  -7<,Q.^G;)-  °^- 

For  example. 

The  strengths  of  the  sent  and  received  currents  ( 
were  12  and  10  milliampfires  respectively,  the  sending  battery 
being  a,  10-cell  Daniell  (10  volis  approximately);  the  line  had 
an  average  estiniated  conductivity  resistance  of  14  ohma  per 
mile.     What  was  the  insulation  per  mile  of  the  li      " 


10'  X  1,000,000 
'  "14  (12'  -  10')    " 


162,000  ohms. 


Kirohocf'h  Laws. 

602.  These  laws  are  two  in  number,  the  first  is,  that 
The  alijebraieal  earn  of  the  eurrent  alrengfht  in  all  those  i 
jMch  vteet  in  a  point  ia  eqnal  to  nothing. 
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The  trutli  of  thi§  law  is  almost  obvious;  thus,  if  ^e  have, 
eay,  five  wires  meeting  in  a  poist,  as  ebown  by  Fig.  126,  then 
as  the  point  A  cannot  be  a  reBervoir,  the  sum  of  the  cmrents 
c„  Cn  approaching  A  mtiBt  eq^ual  tlie  sum  of  the  cunents  Ci,  c„ 
c,,  receding  from  A,  that  is 

c,  +  c.  =  c,  +  c,  +  cj. 


It  may  be  as  well,  perhaps,  to  point  ont  that  although  ths  ' 
qnantities  c,,  Cj,  fi,,  c„  Cj,  are  partly  positive  and  partly  negative, 
yet  they  together  constitute  an  algebrmcai  "  sura,"  for  the  equa- 
tion may  be  written 

«,  +  «.  +  (-'=)+  (-  «,)  +  (-  «.)  =  0; 


I 


I  dot  are  negative  because  the 
n  the  opposite  direction  to  the 


the  quantities  e,,  c,,  and   i 

currents  they  represent  fl< 

cnrrenta  Ci,  o,.' 

503.  The  eecond  law  of  Kirchoffis  as  follows: — 

The  algebraical  mm  of  all  the  products  of  the  current  tlrengtht 

and  reeigtancei  in  all  the  vtirea  forming  an  enclosed  figure,   eq*u^ 

the  algebraical  sum  of  all  the  electromotive  forces  in  the  eiraiil. 
The  truth  of  this  law  follows  as  a  consequenoe  froin  the  laws 

we  investigated  on  pages  255-258 — viz, ; 

(A)  The  difference  of  the  potenliala  at  two  points  in  a  remttance 
(tn  which  no  electromotive  force  etasts)  is  equal  to  the  product  of  ths 
ctirrent  and  the  resistance  heiieeen  the  two  points. 

(B)  The  difference  of  the  potentials  at  Iibo  points  in  a  reaittanet 
in  which  an  electrovtolive  farce  ea:isls,  is  equal  to  the  product  of  the 
current  and  the  resistance  betaeen  the  two  points,  added  to  the  eledro- 

*  It  JH  important  that  algebraical  sara  slioald  not  be  confounded  with 
aTithmetioit  earn  ;  the  latter  signi&s  n.  number  of  quantities  connected  \>j  plut 
signs,  whilst  in  the  former  the  eigna  may  bs  imrltj  neaative  and  paitl; 
pofiitise,  or  indeed  all  negati™.  Aa  a  rulu  when  the  word  "  "  "  "' 
ate  ting  a  ]»V,  it  ia  the  alij^rruoal  sum  whioh  Ib  meant 
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metite  force  in  the  resielance,  ihi*  electromotive  force  being  negaliee 
if  it  aett  teilh  the  current  and  positive  if  it  opposes  it. 

If  -we  refer  to  Pig.  127  and  we  consider  any  closed  circuit  in 
it,   then   we  can   aoe  that  the  sum  of  the   differences  of  the 


potentials  between  the  points  in  that  circuit  must  be  equal  to  0  ; 
thna  if  we  take  the  oloBed  current  formed  by  the  sections  A  B, 
B  0,  C  D,  D  A,  for  example,  then  it  ia  evident  that 

(T,  -  V,)  +  (T,  -  V.)  +  (V,  -  T.)  +  (V.  -  T,) 
is  the  same  as 

V,  -  V,  +  V,  ~  Vj  +  V.  -  V,  +  V,  -  v.. 

which  equals  0. 
Now  from  laws  (A)  and  (B)  we  have 
V, -V,  =  CB-e 
V.-V.  =  c,r3 
V,  -  V^=  -  {c,r,  -E,)» 
T,- V.=  -c.r,;' 
therefore,  by  addition,  we  get 

CB-e  +  Cjr. -c^r4  +  E-c,r,  =  0; 


C  K  +  C,r,  -  c,  fj  —  Ca  Fi 


=  o-E, 


which  proves  the  law. 

As  in  the  case  of  KircliofF's  first  law,  we  have,  in  the  last 
equation,  algebraical  sums,  for  this  equation  may  be  written  : 
C  K  +  c,r3  +  {  -  c.r,)  +  (_  c^r,)  =  e  +  (  -  E); 
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,,  Of,  and  E  in  fact,  are  negative,  because  the  cuneDtB  in 
the  Bections  (C  D  and  I)  A.)  in.  which  these  quantities  occur  are 
in  the  reverae  direction  to  the  currents  in  the  other  aections 
(A  B  and  B  C). 

A  Method  or  HBAsimiKo  tuc  Besistance  of,  and  thk  Oubrent 

FLOWENO  THROUGH,   ElECTBIC   LaUPS  WHEN  BUBNING. 

504.  This  method  is  an  adaptation  of  the  methods  given  on 
page  275,  §  319,  and  page  336,  §  396,  and  is  as  follows  :— 

A  reeiataooe,  R  (Fig.  128),  is  in- 
serted in  the  circuit  of  the  latop 
whose  resistance  is  to  be  measured, 
and  then  the  potential,  Y,  between 
the  points,  A  and  B,  is  measured.  A 
similar  measurement  is  then  taken  of 
the  potential,  Vi,  between  the  ter- 
~  minals,  C  and  D,  of  the  lamp.     We 

then  have — 

For  example.  ^H 

Suppose  the  resistance,  E,  were  1  ohm,  and  suppose  that  the 
discharge  deflection  obtained  by  the  condenser  from  the  points, 
A  and  B,  was  250  divisions,  there  being  no  shunt  to  the  galva- 
nometer ;  also  suppose  that  the  discharge  deflection  obtained 
from  between  the  points,  C  and  D,  was  60  divisions,  the  galva- 
nometer, whoso  resistance  was  6100  ohms,  being  shunted  with 
a  shunt  of  200  ohms ;  then  wa  have 

V  -  250 

V.  =  260  x^i^^±200^  8190^ 
therefore, 

*=  1  X^^  =  32-8  ohms. 


Electromotive  force  between  A  and  B  =  1  ■  079  > 
The  current  flowing,  therefore,  equals 

— =—  =  1  ■  92  amp^B. 
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In  cases  whore  the  current  is  powerfol,  and  where  it  ia  not 
advisable  to  introduce  so  high  a  resistance  as  1  ohm  iuto  the 
circuit,  E  could  be  made,  say,  -i-gih  of  an  ohm, 

A  Method  of  MEASURma  Low  Eebistahces. 

605.  This  method,  like  the  foreg-oing,  is  merely  an  adaptution 
of  the  method  given  on  page  336,  §  396,  and  is  shown  in 
principle  by  Fig.  129. 

£  is  a  single  Daniell  cell,  E  a  resistance  of  1  ohm,  and  B  0  the 
resistance,  x,  to  be  measured.     Between  B  and  C  a  Thomsuu 
galvanometer  (page  31)   in  circuit 
with  a  resistance  is  connected.  F'«- 129. 

Now,  taking  the  resistance  of  the 
cell  E  to  be,  say,  4  ohms,  then  if  a 
be  T^c^^  ^^  ^°  ohm,  the  potential  be* 
tween  B  and  0  will  be  approximately 
3^th  of  a  Tolt,  and  the  potential 
between  A  and  B,  |^th  of  a  volt,  coa- 
seqaently  if  we  can  measure  these 

two  potentials  accurately  we  can  de- 

termine  the  value  of  a  resistance  of 

yijth  of  an  ohm  to  an  equal  degree  of  accuracy.  Now  a 
lliomson  galvanometer,  wound  to  about  6000  ohma  reaiat- 
ance,  will  give  a  deflection  of  100  divisions  with  one  Daniell 
oell,  there  being  in  circuit  a  total  resistance  of  10,000,000  ohms. 
If  there  be  no  resistance  in  the  circuit  beyond  that  of  the  gal- 
vanometer itself  (5000  ohms)  the  deflection  would  be 


100  X 


10,000.000 
6000 


=  200,000  divisiona. 


representing  an  electromotive  foree,  or  potential,  of  1  volt 
approximately ;  hence  200  divisions  would  represent  a  potential 
of  TuViith  of  a  volt.  We  can  easUy,  therefore,  measure  a 
potential  of  ^J^th  of  a  volt. 

In  order  to  make  a  measurement  we  should  proceed  as 
follows : — 

The  battery,  resistances,  etc.,  being  connected  up  as  shown  in 
Fig.  129,  and  the  shunt  being  removed  from  the  terminals  of  the 
g^anometer,  the  resistance  in  oirouit  with  the  latter  must  be 
varied  until  a  good  deflection  (about  300  divisions)  is  obtained. 
Let  di  be  this  deflection,  and  let  G  and  B,  be  the  respective 
resiatances  of  the  galvanometer  and  the  resistance  in  circuit 
with  the  latter,  then  if  vi  be  the  difference  of  potential  betneea 
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B  and  0,  the  onrrent  Ci  flowing  throngh  the  galyanometer 
will  be 

The  galvanometer  and  the  resistance  in  its  circuit  are  now 
disconnected  from  B  and  G,  and  are  connected  to  A  and  B,  the 
•p/^th  shunt  being  joined  up  to  the  terminals  of  the  instru- 
ment. The  resistance  in  its  circuit  is  then  varied  until  a 
deflection  c2^  approximately  the  same  as  (fi,  is  obtained ;  then  if 
Ba  be  this  resistance,  and  ^  v,  be  the  potential  between  A  and  B, 
and  further  if  c,  be  the  current  producing  the  deflection  d,,  we 
have 

''"■"  Ea  +  ^^IOOO' 

where  g  is  the  combined  resistance  of  the  galvanometer  and 
shunt. 
We  have  therefore 

e,      {^,  +  g)lOOO      vi. 
c^'      (Ri  +  G)      "^r/ 

Vi  X 


but 


or 


and  as 
or 


we  get 


or 


d,  _  (Ba  +  g)  1000       x 
^2"      (Ri  +  G)  R' 

(B,  +  G)       d, 
^  "  ^(Ba  +^)1000*d«' 

For  example. 

The  deflection  obtained  between  the  points  B  and  C  was  equal 
to  320  divisions  (di),  there  being  a  resistance  of  8000  ohms  (Bi) 
inserted  in  the  circuit  of  the  galvanometer.  When  the  latter  was 
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coanectod  between  A  and  B,  the  tuVo*^  shunt  was  inserted, 
togethei  with  a  reaistance  of  1200  ohniB  (R,);  the  deflection 
obtained  was  then  equal  to  310  divisiona  (d^).  The  resistance  of 
the  galvanometer  was  5000  ohms  (G),  and  the  resistance,  B, 
1  ohm.     What  was  the  -value  of  x  ? 

.    (8000  +  5000)     320         „,„    , 

'^  =  \i2bo-4r-5Tiooo-3io  =  -«"^'*^"'«- 

We  are  not,  of  course,  necessarily  bound  to  use  the  TuVuth 
shunt,  but  in  practice  It  would  almost  always  have  to  be 
employed. 

506.  The  degree  of  accuracy  with  which  the  test  could  be 
mad©  would  depend  entirely  upon  the  values  of  the  deflections  d, 
and  df,  and  as  we  should  endeavour  to  make  them  both  as  high 
as  possible,  that  is  to  say,  both  as  nearly  equal  as  posiiible,  the 

"  Percentage  of  accuracy  "  would  practicaDy  be  -—=—  ,  where  S 

is  the  fraction  of  a  division  to  which  each  of  the  deflections  couid 
be  read. 

The  SiLVEETOivN  Compound  Key  for  Cable  Testino. 

607.  This  key,  which  is  in  general  use  in  the  testing  rooms 
of  the  Silvertown  Telegraph  Works,  is  an  excellent  arrange- 
ment, and  greatly  facilitates  the  execution  of  the  "  Inductive 
capacity  "  and  "  Insulation  "  tests  of  insulated  wires  or  of  cables ; 
it  is  particularly  useful  when  a  large  number  of  wirea  have  to 
be  tested.  The  apparatus  (Fig.  180)  consists  of  two  keys,  of 
the  form  shown  by  Figa.  82  and  83,  pages  245  and  246,  mounted 
on  one  base. 

Supposing  the  connections  to  be  made  as  shown  by  the 
figure,  then  in  order  to  measure  the  "  discharge  "  I'rum  the  cable, 
levers  C  and  D  are  set  in  the  positions  shown.  Lever  B  is  now 
pressed  to  the  right  so  that  its  projecting  piece  n  comes  in 
contact  with  lever  A ;  the  brass  tongue  of  lever  B  is  then  in 
contact  with  6,  so  that  the  battery,  whose  zinc  pole  is  joined 
to  lever  B,  is  connected  to  the  cable.  If  now  lever  A  is  pressed 
over  to  the  left,  then  lever  B  is  also  moved  and  the  tongue  of 
the  latter  consequently  leaves  6  whilst  the  tongue  of  A  comes 
in  contact  with  a,  and  thus  puts  the  cable  in  connection  with 
the  galvanometer.  Aa  the  second  terminal  of  the  galvanom«rer 
in  connected  to  the  piece  c  d,  the  circuit  is  completed  to  earth 
through  d  and  the  tongue  of  lever  D. 

To  measure  the  discharge  from  a  condenser,  one  terminal  of 
"I  be  oounected.  to  the  piece  c  d  and  the  other 
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terminal  to  earth  ;    the  manipulation  of  the  levers  would  ( 
course  be  the  same  as  in  the  case  of  the  cable. 

To  take  the  "  Insulation  "  test  (p.  331)  of  the  cable,  levers  J 
and  B  would  be  set  over  to  the  right  bo  that  the  tongue  of  lev| 

Fia.  130. 


A  is  in  contact  with  a  whilst,  the  tongue  of  B  is  disoonnentai  _ 
from  6,  The  short-circuit  key  of  the  galvanometer  being  closed, 
lever  C  is  now  pressed  over  to  the  right,  so  that  the  tongue  of 
lever  C  comes  in  contact  with  c,  whilst  the  tongue  of  lever  D 
becomes  disconnected  Irom  d ;  the  zinc  pole  of  the  battery  thus 
becomes  connected  through  c  with  one  terminal  of  the  galvano- 
meter, and  as  the  other  terminal  is  connected  (through  lever  A 
and  a)  with  the  cable,  the  circuit  is  complete.  The  short-circuit 
key  of  the  galvanometer  is  now  depressed,  and  the  deflection 
noted  in  the  usual  rannner  (p.  332).  As  soon  as  the  ohaervationi 
are  completed  the  ehort-oirciiit  key  of  the  galvanometer  is 
raised,  and  lever  D  heing  pressed  over  to  the  left  the  battery 
becomes  disconnected  from  the  galvanometer  terminal  and 
the  latter  is  connected  tJ3  earth,  eo  that  the  cable  discharges 
itself. 
Particular  care  must  be  taken  that  the  short-circuit  k^  of 
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the  galvanometer  is  raised  before  lever  D  is  pressed  over  to  the 
left,  otherwise  the  whole  discharge  from  the  cable  will  pass 
through  the  galvanometei  coils,  and  the  needles  may  either  be 
r  at  least  the  "  constant  "  of  the  inatmment  be 


1 


508,  The  battery  power  with  ^hich  the  "  Insulation  "  test  is 
taken  is  much  greater  than  ihat  required  for  the  "  Inductive 
Capacity  "  test,  consequently  after  the  latter  test  has  been  made 
(with  about  10  Daniell  cells  usually),  the  battery  power  has  to 
be  changed  to  the  required  larger  amount. 


509.  The  apparatus  employed  in  the  Postal  Telegraph  De- 
partment for  lottery  testing  is  shown  by  I'igs.  131  and  132.  It 
consists  of  two  sets  of  resistance  coils  R„  Ej,  the  former  being 
in  the  direct  circuit  of  a  tangent  galvanometer*  G-,  and  the  latter 
being  a  shunt  between  the  terminals  of  the  battery  x  when  the 
shnnt  plug  3  is  inserted.  The  valaes  of  the  resistance  coIIe  A,  B, 


4f|i(A 


C,  D,  E  and  F,  in  K,,  are  1070,  3210,  4280,  8560,  17,120,  and 
34,240,  ohms,  respectively,  that  is  A,  B,  C,  D,  E,  and  F  are  in  the 
proportion  of  1  :  3  :  4  :  8  :  16  :  32. 

Te3t  for  Elkctrowotive  Force. 
610.  The  principle  of  the  method  of  testing  for  electromotive 
force  is  as  follows  : 

If  the  standard  cell  (page  118)  is  joined  up  in  circuit  with  the 
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tangent  galvanometer,  both  plugs  being  out,  then  the  deflectkm 
obtwied  is  that  due  to  an  electromotiye  force  of  1 '  070  volts 
(the  approximate  electromotive  force  of  the  standard  cell)  acting 
through  a  resistance  of  1070  ohms.  If,  say,  five  Daniell  cells,  were 
in  circuit,  and  also  a  total  resistance  of  5  x  1070  ohms,  then 
the  deflection  obtained  should  be  the  same  as  that  given  by  the 
standard  cell,  provided  the  total  electromotive  force  of  the  five 
cells  was  five  times  that  of  the  standard  cell,  or,  in  other  words, 
if  the  average  electromotive  force  per  cell  were  1  •  070  volts ; 
and  it  is  evident  that  if  with  a  still  larger  number  of  cells  there 
was  pbbced  in  circuit  a  total  resistance  as  many  times  greater 
than  1070  ohms  as  there  are  cells  to  be  tested,  then  if  the 
average  electromotive  force  per  cell  of  the  battery  were  equal 
to  the  electromotive  force  of  the  standard  cell,  the  deflection 
obtained  would  be  the  same  as  that  given  by  the  latter.  If 
the  deflection  were  less,  it  would  show  that  the  average  electro- 
motive force  per  cell  of  the  battery  must  be  proportionately  less. 

For  example. 

Suppose  the  standard  cell  gave  a  deflection  of  25%  then,  if,  say, 
a  30-cell  battery  with  a  total  resistance  in  circuit  of  30  x  1070, 
or  32,100,  ohms,  gave  a  deflection  of  22°,  the  average  electro- 
motive force  per  cell  of  the  battery  would  be  •  928  volts,  thus, 

tan  22°       -   ^_^       -404 
ta^50  =  1-070  X  TJee 


1-070  X  iTir-ir^b  =  1-070  x  -7^  =  '928  volts. 


Now,  if  instead  of  the  resistance  in  circuit  being  increased  in 
exact  proportion  to  the  number  of  cells  tested,  it  had  been  in- 
creased in  a  less  proportion,  then  the  deflection  representing  an 
electromotive  force  of  1*070  volts  would  be  correspondingly 
higher. 

For  example. 

If,  when  the  30  cells  were  tested  there  were  in  the  circuit,  not 
30  X  1070  ohms,  but  12  x  1070  ohms,  then  the  deflection  which 
would  indicate  that  the  average  electromotive  force  per  cell  of 
the  battery  is  1*070  volts  would  be  49^°,  thus, 

80  5 

tan  25°  X  1^  =  '466  x  ^  =  1*165  =  tan49i°. 

.   If,  therefore,  the  total  resistance  in  the  circuit  of  the  battery 
tested  is  made  equal  to 

1070  X  number  of  cells  tested    x  f ,  [A] 
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and  if  25°  is  the  deflection  given  by  tlie  standard  cell  througli 
a  total  reaifltanee  of  1070  ohms,  tlion  49^°  will  be  the  deflection 
given  by  a  battery  whose  average  electromotive  force  per  cell  is 
1*070  volts,  and  any  deflection  other  than  49i°  will  (by  pro- 
portion of  the  tangents  of  the  deflections)  represent  the  actual 
electromotive  force  per  cell  of  the  battery. 

For  example. 

If  the  deflection  obtained  were   40°,  then  the  electromotive 
force  per  cell  of  the  battery  would  be  •  767  volts,  thus, 

tan  40° 


1-070  X 


tan49J° 


.  1-070  X 


1171 


■767. 


If  the  total  resistance  in  the  circuit  of  the  battery  tested  is 
made  equal  to 


1070  X  number  of  cells  tested  x  J, 


PI 


then  the  deflections  obtained  will  represent  average  electro- 
motive forces  per  cell  which  are  double  those  which  they 
represent  when  the  resistance  in  circuit  is  that  indicated  by 
formula  [A].  So  that  if  formula  [A]  is  applied  when  Dauiell 
cells  are  tested,  and  formtda  [BJ  ^A'hen  Bichromates  are  tested, 
the  range  of  deflections  required  in  the  two  eases  will  he  the 
same,  since  the  electromotive  force  of  a  Bichromate  battery  ia 
double  that  of  a  Daniell. 

511.  In  order  to  facilitate  calculation,  tables  constructed  on 
the  foregoing  principles  are  employed  ;  portions  of  these  tables 
B  shown :  — 

Table  I. 
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The  way  in  whict  these  tables  would  be  used  would  be  as 
foUows;— 

The  26°  conBtant  deflection  having  been  obtained  correctly, 
the  standard  cell  is  removed  from  terminals  B,  and  the  hatteiy 
to  be  tested  joined  in  its  place,  resistances  having  been  pre- 
viously inserted  in  resistance  coils  R,,  according  to  Table  I.  For 
example,  if  85  Daniells  are  to  be  tested,  the  reaistances  to  be 
inserted  would  be  A,  0,  and  D,  The  two  pings  in  the  galvano- 
meter must  still  remain  out  so  that  the  resiBtance  of  the  latter 
(1070  ohms)  Ib  included  in  ihe  circuit. 

The  deflection  obtained  being  now  noted,  the  electromotive 
force  per  cell  of  the  battery  is  given  by  Table  II. ;  thus  if  the 
deflection  is  45^°,  the  electromotive  force  per  cell  is  '930,  and 
the  percentage  of  fall  fiom  the  normal  electromotive  force  ie 
13  09. 

.  512.  It  will  be  observed  that  in  the  case  of  Leolaach6  batteries, 
the  resistances  to  be  placed  in  circuit  and  the  defl-ections  corre- 
sponding to  the  various  electromotive  forces,  have  to  be  taken  in 
a  somewhat  different  proportion  from  that  adopted  in  the  case 
of  Daniell  or  Bichromate  batteries,  as  the  cells  are  made  up  in 
sets  of  6,  8,  and  10,  and  not  in  seta  of  5,  and  moreover  the 
normal  electromotive  force  of  a  LecUnchi  is  intermediate  in 
value  between  a  Daniell  and  a  Bichromate  battery ;  the  general 
principle,  however,  upon  which  the  resistances  and  deflections 
are  anranged  is  Bimilar  to  that  adopted  in  the  case  of  the  latter 
batteries. 

513.  The  accuracy  of  the  method  of  testing  electromotive  force 
depends  upon  the  resistance  of  the  batteries  being  small  in  pro- 
portion to  tbe  external  resiBtance,  and  this  is  attained  by  making 
the  latter  very  large,  so  as  to  reduce  the  et  ' 
limits. 


Teat  for  Irilemal  Regigtance. 

514.  This  test  is  made  by  the  "  Diminished  deflection  shunt 
method  "  described  in  Chapter  VI.,  page  114,  The  resistance 
B,  being  very  high,  the  reflistance  of  the  battery  ia  given  by 
formula  [G],  page  116,  in  the  test  referred  to,  that  is  to  say  we 
have 


HAKDBOOE   OF   ELECTRICAL  TESTISa. 


impie. 


1 


If  by  the  inBertion  of  a  shunt  R,  of  25  ohms,  the  defleotiom 
If  of  464°  were  reduced  to  23"  (tf),  then  reaistanoe  (o:)  of  battery 
would  be  35 '  0  ohms,  thus, 


35 '  0  ohms . 


515.  To    &cilitate   calculation,    a   table    giving    values    of 

I  T -p  —  1  1  for  variouB  values  of  D°  and  (i°,  is  employed ;  hence 

it  is  only  necessary  to  mnltiply  the  corresponding  quantity  bj 
Bj,  and  the  result  ia  the  total  resistance  of  the  battery. 

516.  In  exceptional  cases  where  an  odd  number  of  cells  have 
to  be  tested  for  electromotiva  force,  i.  e.  a  number  which  is  not 
included  in  Table  I.,  the  reaietances  inseited  in  K,  are  those  cor- 
responding to  the  number  in  the  table  nest  above  the  odd 
immbor ;  thus  if  13  Bichromates  are  to  be  tested,  the  resistances 
corresponding  to  15  cells,  viz.  B  and  D,  are  inserted  in  E,.  The 
deflection  obtained  having  been  noted,  the  result  corresponding 
to  that  deflection  in  Table  II.  is  multiplied  by  the  even  number 
of  cells  and  divided  by  the  odd  number,  the  result  being  the 
electromotive  force  per  cell  of  the  battery. 

517.  It  may  be  remarked  that  the  range  of  the  apparatus  in 
eooeiderable,  it  being  possible  to  teat  from  5  to  160  Daniell  cells, 
or  5  to  80  Bichromate  cells,  with  an  equal  degree  of  accuracy* 
and  with  equal  facility. 


COMBISED   HeSISTANCI^S. 


^       J 

i 


518.  Problem — Required  the  joint  resistanoe  of  the  resistanoeB, 
a,  b,  e,  d,  and  g,  between  the  points  A  and  B  (Fig.  133). 

If  we  call  R  the  resistance  of  the  combined  reaiatances  between 
the  points  A  and  B,  then  what  we  have  to  do  is  to  obtain  an 
equation  of  the  form 

E 


Now  it  is  obvious  that  the  value  of  R  oan  be  in  no  way  depen- 
dent upon  the  value  of  r,  henco  in  order  to  simplify  the  problem 
we  may  assume  r  to  be  equal  to  0. 

By  Kirohoffa  laws  (page  i55)  wo  have  the  following  sis 
equations,  showing  the   connection   between   the  reaJfltanoea 
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7,  the  current  Btrengtha  c„  a,,  c^, 
ive  force  B  :— 

c,  -  ci  -  c,  =  0 

„  Cj,  and  (■„  and 

[IJ 

C_c;_c  =  0 

[2] 

c+^-c=o 

[S] 

c,d  +  (^b_  E  =  0 

M 

c,  o  -  c,  6  -  c,  3  =  0 

[5i 

c,d  —  c^a;—  r,  3  =  0. 


m 


In  order  to  determine  the  value  of  c,  from  these  aii  equationB 
we  must  first  find  the  value  of  Ci  from,  say,  equation  [1],  and 
substitute  this  valne  in  the  other  equationB,  therehy  getting  rid 
of  c, ;  again  in  like  manner,  if  we  find  the  value  of  c^  from,  say, 
equation  [3],  and  substitute  throughout,  we  get  rid  of  c„  and  so 
on.  Aa  it  will  be  unnecessary  to  show  all  these  substitutions, 
we  shall  confine  ourselves  to  one  or  two  only ;  thus  from 
equation  [1]  we  have 


.  Iberefore  we  get 


c^  +  C-i 


m 

m 

[6] 
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By  oontinuing  tliig  prooees,  we  at  length  get 

c^a  --  Cf,a  -^  Ceh  ^c^g  —  (a  +  h)    ,  ^    =  0 

and 

"E  —  /•  f» 
e.x  +  e.g-^id  +  x)   ^^^    =  0 ; 

therefore 

c,(ad  +  hd+hg  +  dg)  =  c»{a6 +  ad)  -  ^(^  +  ^) 

and 

c;i(hg  +  dg+hx  +  hd)  =  -  e^(hx  +  d x)  +  'E{d  +  x). 

By  dividing  one  equation  by  the  other,  Ce  is  eliminated,  that 
is  we  get 

ad  +  hd  -{-  hg  +  dg  _    C5 (a b  +  a (Q  —  E (a  +  fe) 
hg  +  dg  +hx  +  hd''  '-C:,(hx  +  dx)  +  'E{d  +  x)' 

or 

_^^__^ E 

^'  ""  (ab+ad)(bg+dg+hx+hd)+{hx+dx){ad+bd-\-bg+dg) 
{d+x){ad+bd+hg+dg)+{a+b){bg+dg+hx+hd) 

By  dividing  the  numerator  and  denominator  of  the  fraction 
below  the  thick  line  by  a  +  a?,  we  finally  get 

E 


g  [(o  +  x)  (b  +  d)]  +  ab(d  +  x)  +  dx(a  +  b)  ' 


g[io.+x)  +  (6  +  d)]  +{a+b)(d  +  x)\ 
that  is  to  say, 

The  combined  resistance  of  the  resistances,  a,  6,  c,  d, «,) 

and  ^,  between  A  and  B  ) 

g[{a  +  x){b  +  dy]  +  ab{d  +aj)  +  dfl?(a  +  b) 
g  [(a  +  a;)  +  (V  +  d)]  +  (a  +  6Kd'+~«)~  ' 

It  will  be  observed  that  if  ^  =  00  ,  that  is  to  say  if  we  remove 
^,  then  we  get 

Combined  1  ^     g[{a  + x)(b  +  d)]     _    (a  +  a?)  (b  +  d) 
resistance  f     g\(a  +  x)  -{-  {b  +  d)]"  {a  +  x)  +  {b  +  d) 

which  is  the  joint  resistance  of  (a  +  x)  and  (b  +  d). 
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Tf  we  have  g  =  %  that  is  to  eay  if  we  join  together  the  two 
pointe  connected  by  g,  then  we  get 

Combined  1  _  g  h((?  +  a)  +  da;  fa  +  6) _    afc  dx 

reBiatance  f  "  (a  +  (»)  (d  +■  «)  ~  a  +  6      d+x ' 

which  ifl  the  joint  resiatanoe  of  a  and  b,  added  to  the  joint 

resiatance  of  d  and  ie 


:«8iaiance  oi  a  ana  x. 
The  truth  of  theae  simplificationa  is  obviona. 


Combined  Condensers. 

519.  Pkoblem — Beqnired  the  joint  electrostatic  capacity  of 
two  or  more  condensers  joined  up  in  "  caacade." 

Let  a,b,  and  e,f.  Fig.  134,  be  the  platea  of  the  two  condeneera, 
then  if  we  suppose  theae  plates  to  "be  of  equal  size,  and  d,,  and  dj 
to  be  the  distances  separating  them,  the  respective  capaoitiee  C, 
and  Ca  will  be  in  the  proportion 

Ci:C,::d,:d,, 


Now  the  plates  h  and  c,  being  joined  together,  may  be  con- 
sidered to  be  one  plate  ae  shown  by  the  dotted  line  be.  Fig.  135; 
moreover  as  the  latter  plate  is  in  no  way  connected  with  either 


I 


Fia.  135. 


■«f  the  charging  wires  -|-  and  —  ,  it  practically  does  not  affect 
the  joint  capacity  of  the  arrangement ;  hence  we  can  represent 
this  joint  capacity  as  being  dne  to  a  condenser  formed  of  the 
plates  a  and  /,  separated  by  a  diatanca  d,  -f-  d,.    The  capacity 
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C.  of  the  oombination  mtuit  therefore  be  given  by  the  propor- 
tion 

CmlOilldiidi  +  d^, 

or 

If  we  had  a  third  condenser  of  a  capaoily  Ct.  in  the  oircoit  of 
C,  and  On  then  the  joint  oapadly  G'',  of  this  condenser  in 
combination  with  0«  must  be 


and  80  on  with  any  number  of  oondensers.    Henoe  we  have  the 
law: — 

.27^  joint  dedroHciUc  capacity  of  any  number  of  condensers 
joined  together  in  "  cascade  "  ie  equal  to  the  reciprocal  of  the  sum  of 
the  reciprocals  of  their  respective  capacities. 
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BeuatancQ  of  "Blatute-mile-pouDd"  equals  resiatance  of  " 
nmltlplied  by  ■752422.  log  -752422  =  1-876*614. 

•  Sue  p.  368  (§  443). 
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0738 

92 

9646 

75            1 

0000 

58           1 

0367 

41           1 

0748  ■ 

91-5 

96S6 

74-5       1 

0011 

57'5       1 

0378 

40-5        1 

0759' 

91 

9666 

74           1 

0021 

57           1 

40            1 

0771 

90-5 

9677 

73'5       1 

0032 

50-5       1 

0400 

0782 

90 

9ti87 

73           1 

0042 

5G            1 

0411 

39           1 

0793 

89'5 

9697 

72-S       1 

0053 

55 '5        1 

0422 

08O4 

9708 

72           1 

0064 

£5             1 

0433 

38           1 

0818 

H8-5 

9718 

7X'5       1 

0074 

S4-5        1 

0444 

37-5       1 

0828 

SS 

9728 

71           1 

0085 

54           I 

045S 

37           1 

0889 

87-5 

9738 

7()-5       1 

0090 

0466 

36-5       1 

0861 

87 

9749 

70           1 

OlOtf 

53           1 

0478 

36           1 

0862 

B6-5 

9759 

69-S       1 

0117 

52-5       1 

0489 

35 '6       I 

0873 

SB 

9769 

63           1 

0128 

52             1 

0500 

35           1 

0885 

85- S 

9780 

68'5       1 

0139 

51-5       I 

05II 

34  5       1 

0896 

85 

9790 

68           1 

0149 

51           1 

0522 

34           1 

0908 

81'5 

9tJ01 

67-5       1 

0160 

50-5       1 

0533 

0920 

84 

9811 

67           1 

0171 

50           1 

0M4 

33           1 

0932 

83-5 

9821 

06-5       1 

0182 

49-5       1 

0556 

32-5       1 

0943 
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Tablb  y .*  — Looarithm  CoinricnENTB  for  correcting  the  Observkd 
Resistancb  of  **  SiLYEBTOWN "  GuTTA-PCBOHA  at  anj  Tbmpebatube  to 
75°  Fahb. 


Temp. 

Logarithm. 

Temp. 

Logarithm. 

Temp. 

Logarithm. 

Temp. 

Logarithm. 

100   i 

[•1744650 

82^5  ] 

[•7523395 

65   ( 

)• 3302140 

47-5  ( 

) •9080885 

99-5 

•1909757 

82 

•7688502 

64^5 

•3467247 

47 

•9245992 

99 

•2074864 

81-5 

•7853609 

64 

•3632354 

46-5 

'9411099 

98*5 

•2239971 

81 

•8018716 

63-5 

•3797461 

46 

•9576206 

98 

•2405078 

805 

•8183823 

68 

•3962568 

45-5 

•9741313 

97-5 

•2570185 

80 

•8348930 

62-5 

•4127675 

45 

•9906420 

97 

•2785292 

79-5 

•8514037 

62 

•4292782 

44*5  ] 

[•0071527 

96-5 

•2900399 

79 

•8679144 

615 

•4457889 

44 

•0236634 

96 

•3065506 

78^5 

•8844251 

61 

•4622996 

43^5 

•0401741 

95-5 

•3230613 

78 

•9009358 

60^5 

•4788103 

43 

•0566848 

95 

•3396720 

77-5 

•9174465 

60 

•4953210 

425 

•0731955 

94-5 

•3560827 

77 

•9339572 

59-5 

•5118317 

42 

•0897062 

94 

•3725934 

7.6^5 

•9504679 

59 

•5283424 

415 

• 1062169 

93-5 

•3891041 

76 

•9669786 

58^5 

•5448531 

41 

•1227276 

93 

•4056148 

75^5 

•9834893 

58 

•5613688 

405 

•1392383 

92-5 

•4221255 

75   ( 

)• 0000000 

57-5 

•5778745 

40 

•1557490 

92 

•4386362 

74-5 

•0165107 

57 

•5943852 

39-5 

•1722597 

91-5 

•4551469 

74 

•0330214 

56-5 

•6108959 

39 

• 1887704 

91 

•4716576 

73-5 

•0495321 

56 

•6274066 

3S^5 

•2052811 

90-5 

•4881683 

73 

•0660428 

55^5 

•6439173 

38 

•2217918 

90 

•5046790 

72-5 

• 0825535 

55 

•6604280 

37-5 

2383025 

89-5 

•5211897 

72 

•0990642 

54-5 

•6769387 

37 

•2548132 

89 

•5277004 

71-5 

•1155749 

54 

•6934494 

36  5 

•2713239 

88-5 

•5542111 

71 

•1320856 

53-5 

•7099601 

36 

•2878346 

88 

•5707218 

70-5 

• 1485963 

53 

•7264708 

35-5 

•3043453 

87-5 

•5872325 

70 

•1651070 

52-5 

•7429815 

35 

•3208560 

87 

•6037432 

69-5 

•1816177 

52 

•7594922 

345 

•3373667 

86-5 

•6202539 

69 

•1981284 

515 

•7760029 

34 

•3538774 

86 

•6367646 

68-5 

•2146391 

51 

•7925136 

33  5 

•3703881 

855 

•6532753 

68 

•2311498 

50-5 

•8090243 

33 

•3868938 

85 

•6697860 

67-5 

•2476605 

50 

•8255350 

32^& 

•4034095 

84-5 

•6862967 

67 

•2641712 

49-5 

•8420457 

32 

•4109202 

84 

•7028074 

66-5 

•2806819 

49 

•8585564 

83-5 

•7193181 

66 

•2971926 

48^5 

•8750671 

83 

•7358288 

65-5 

•3137033 

48 

•8915778 

See  p.  377. 
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Table    VI.*  -  I^gabithm 

OOBI'FICIESTB     Tor 

con-octiiic    the 

Obseuvki^ 

BesisTANce   of    "Willouohby    Smia'a"    Gutta-pehcka    ut 

pRBATnBE  to  75°  Pahh. 

100         I 

opinibni. 

Tefflp.     L 

agariLbm. 

Temp.    I 

-leirithin. 

TBmc. 

L^ilto. 

2!>928n3 

82-5     i" 

7897772 

65        0 

3362590 

47-5 

0' 9246514 

9S-5 

3133241 

82 

E037984 

645 

3530159 

47 

■9414617 

99 

81-5 

8178021 

64 

3697723 

46-5 

-9582628 

98-5 

S413094 

81 

8318058 

63-5 

3866180 

46 

■9760640 

98 

3552699 

eo-5 

8458321 

63 

4034637 

45-5 

-9918959 

97-6 

36926B3 

80 

8589585 

62-5 

4202899 

45 

!■ 0087279 

97 

3S32767 

79-5 

8738785 

02 

4371161 

44-5 

■0-255335 

96-5 

3973640 

79 

8878985 

ei'5 

4539102 

44 

•0423392 

96 

41H513 

78-5 

9019128 

61 

4707044 

43-6 

■0501617 

95-5 

4259710 

78 

9159272 

eo-5 

4876196 

■0759842 

95 

4394906 

77-5 

60 

6043349 

42-5 

■0927813 

94-5 

4534763 

77 

9439395 

59-5 

6211399 

42 

■1095785 

94 

4671ti01 

7e'5 

9579654 

59 

5379450 

41-5 

■1263903 

93-6 

4814522 

9719713 

58-5 

5202687 

■1432022 

4955443 

76 'u 

9^53856 

58 

5715924 

40-5 

■1600083 

92  5 

5095153 

75        0 

OOOOOOO 

67 '5 

5883948 

40 

■1768145 

92 

52348ti3 

74-5 

0167119 

57 

6051973 

39'5 

■1936334 

91-5 

5375291 

74 

0334238 

56-5 

6220428 

39 

■2101523 

SI 

551S720 

73  5 

0502473 

56 

38'5 

■2272657 

SO  5 

6656635 

73 

0070709 

55-5 

65S6773 

38 

■2440791 

90 

37115550 

72-5 

0838930 

55 

6724673 

37-5 

■2608900 

89-3 

5935586 

72 

1007151 

545 

6892937 

37 

■2777009 

89 

6075622 

71'5 

1126055 

54 

7001201 

36-5 

■2945154 

6215732 

71 

1344959 

53-5 

7229253 

36 

■3113300 

88 

6355843 

70' 5 

1513498 

53 

7397303 

35-5 

-3281301 

,S7-6 

64!I5950 

70 

1682027 

52-5 

7565390 

35 

-3449422 

87 

6036067 

1849364 

52 

7733475 

34-5 

-3617609 

86-5 

6776534 

201(^702 

51-5 

71101705 

34 

-3785796 

86 

6917002 

2181731 

51 

8069935 

-3953858 

85-5 

71157228 

68 

2:452759 

.^O'S 

8238007 

-4121917 

85 

7197455 

67-8 

2521608 

50 

8406079 

32-5 

■42999B1 

84-5 

7337340 

67 

2690457 

4:9'5 

8573998 

32 

'4458065 

84 

7477225 

6H'5 

2857965 

49 

8741918 

83-3 

7617392 

3025474 

48-5 

8910164 

83 

7787560 

OS'S 

3194037 

48 

9078411 

*  See  p.    377-                                                             1 
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TiCLK  VIL*— Of  the  MvLTiPt-Ytso  Powbh  of  SacnTa  kwloted  wilh  a 

OALVANOMmH  of  6000  OlDU  Besutahoi. 

S 

C™Wn6d 

R«rtB- 

L<«>rlltain     Hain- 

UolUpIylng  U*!'*- 
Power.     I'uauia 

.RoUl- 

l^riibn 

Bodil- 

EMbU 

BaiMM 

st^. 

a^nL 

"ttt"* 

ShonL 

S^t 

MaWplj- 

^"o^r 

1    OblDL 

^^t 

obmi 

ohra. 

ohnB. 

1 

3-7782236     1 

70 

1-9380892 

69-2 

850 

■9062704 

744 

2 

9-477li6a0,    2 

75 

l-!'084850 

74-1 

900 

■8846086 

782 

8 

3-301247ll    3 

80 

1-8808136 

79-0 

950 

-8fi42618 

818 

4 

3-1763H07:    4 

85 

1-8548402 

83-8 

1000 

•8*50980 

857 

S 

3- 0793430,     5 

90 

1-8303769 

1100 

-8098626 

929 

6 

3' 00043411     6 

95 

1-8072508 

93-5 

1200 

■7781513 

1000 

7 

2'93355«1 

7 

100 

1-7853298 

98'4 

1300 

-7493807 

1068 

IJ 

2- 8756399 

8 

,  110 

1-7446450 

10«-0 

1400 

■7231107 

1135 

9 

2-8245619 

9 

1  120 

1-7075702 

117-7 

1500 

-6989700 

1200 

ID 

2-778B74S 

10 

1  130 

1-6735185 

J27>2 

1600 

-6766936 

1263 

11 

2-7375504 

11 

■   140 

1-6420488 

ISB-S 

1700 

6660407 

1324 

1-2 

2-6998377 

12 

1  150 

1-6127839 

146 '3 

1800 

636S1S8 

1384 

13 

2-6651493 

13 

:  160 

1-5854607 

155-9 

191)0 

6188636 

1443 

It 

2-6320141 

14 

,  170 

1-5598348 

165-3 

2000 

6020600 

1600 

15 

2-6031444 

IS 

0 

180 

]-5a57118 

174-8 

21!00 

5713943 

1609 

16 

2 -5751878 

16 

0 

190 

1-5129244 

184-2 

2400 

5440680 

1714 

17 

a-5489298 

17 

200 

1-4913617 

193-6 

2600 

5195201 

1814 

18 

2-5241753 

17 

9 

1  220  'l-i51S719 

212 '2 

2800 

4973306 

1909 

19 

2-5007578 

18 

9 

240  ,l-414978a 

230-8 

3000 

4771213 

2000 

20 

2-4785865 

19 

9 

1  260  11 -Ml  602* 
1  280   1-^508099 

249-2 

3300 

4499718 

2129 

22 

Z-4373224 

21 

9 

267-5 

3600 

4259742 

2250 

2* 

2'8996737 

23 

9 

1  300 

1-3-222193 

285-7 

4000 

3979400 

2400 

26 

2-3650572 

25 

9 

830 

1 -2828939 

312-8 

4300 

3793780'  2604 

28 

2-3330239 

27 

9 

360 

1-2461628 

340-4 

4600 

3625579   2603 

M 

2-3031961 

29 

9 

400 

1 ■2041200 

375-0 

5000 

8424227 

2727 

3H 

2-2620237 

32 

8 

430 

1-1747574 

401 '2 

5500 

3182929 

2883 

36 

2-2244554 

35 

8 

460 

1-1461280 

428  6 

6000 

3010300 

3000 

40 

2-1789769 

39 

7 

500 

1  1139134 

461-5 

6500 

2840019 

3120 

43 

2-14T7999 

42 

7 

650 

1 ■0722867 

508-0 

7000 

2688353 

3280 

46 

2-1187276 

45 

G 

eoo 

1-0413927 

545-5 

7500 

2552725 

3333 

50 

2 -0827854 

49 

8 

650 

1-0131744 

582-1 

8000 

2430380 

3428 

55 

2-0378646 

54 

5 

700  i  -9809755 

617-6 

8500 

2319536 

3517 

60 

2 '0013214 

69 -S 

750      -9S42425 

9000 

2218574 

3600 

85 

64-8 

800  .   -9294189 

705-9 

9500 

2126137 

3677 

1 

10000  12041200 

3750-(l 

■•  See  p.  335  (g  391).                                               _ 
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481    V 

Table  Vlll.*— Of  the  Multipi.vino  Poweh  of  SHuura 

™...      1 

Galvauoueteb  of  10,000  Ohhs  Rbsistance.                                   ■ 

Logarllhm 

c™- 

Rttlal-    LoHsriltam 

ConiblDM 

Bf»W. 

^EnrlUim 

RrSlBUDDS 

°^Zl 

""^'^ 

ShuiiL 

Bhlint. 

nltipiytag 
Power. 

"of'     K 

isr 

sul'skunt. 

otama. 

utiiili. 

obmii. 

1 

3-0000434 

1-0 

70   2 

1579315 

69-5 

850   1 

1056104 

784 -'l 

2 

3 -6990569 

2-0 

75  |2 

128183S 

74-4 

900   1 

08;11840 

825-7 

3 

3-52300!IO 

30 

80  12 

1003705 

79-4 

650   1 

0636091 

86H-6 

4 

3-3981137 

40 

85   2 

07425T0 

84-3 

lOOO   J 

04S3230 

900-9 

S 

B'S01247I 

6-0 

90   2 

0496487 

89  a 

1100   I 

00782.i3 

982-1 

6 

3-2221092 

6-0 

95   2 

0264827 

94-1 

1200 

973S972 

1001-7 

7 

3-1552059 

7-0 

100   2 

0(i43214 

99-0 

1300 

9429615 

1140-4 

8 

B- 0972573 

S'O 

110    I 

0633585 

108-8 

1400 

9107761 

1228-1 

9 

3-0461482 

9-0 

120   1 

9259093 

U8-6 

1500 

1304-4 

10 

3-0004341 

lO'O 

130    1 

H9186S0 

128-3 

1000 

1379-3 

11 

3 -9590848 

ll-O 

140    1 

8599100 

138-1 

1700 

837737( 

lisa-o 

12 

a-»2I3396 

12-0 

150   1 

8303747 

147-8 

1800 

8166095 

1525-4 

13 

Z-B8G6208 

13-0 

160   1 

8027737 

157-5 

1900 

7967034 

1593-8 

14 

2-8544796 

14-0 

170   1 

7768721 

167-2 

2000 

7781512 

1666-7 

IS 

2-8215597 

15-0 

180   1 

7524753 

176-8 

2SII0 

7439371 

1803-3 

lt> 

2-7965743 

16'0 

190   1 

7294206 

186-5 

2100 

7132105 

1935' 5 

17 

2-7702888 

17-0 

200    1 

7075702 

196-1 

2600 

6853072 

2063-5 

18 

2 -7455085 

180 

220    1 

215-3 

2800 

6600521 

2187-5 

19 

2-7220708 

19-0 

240    1 

6300888 

234-4 

3000 

636,1221 

2307-7 

20 

2  6098377 

20-0 

260   1 

5061741 

253-4 

3300 

0053377 

2481-2 

22 

2-6585137 

22-0 

280   I 

5648351 

272-4 

3600 

5772364 

2047-1 

24 

23-9 

300   1 

5357150 

291-3 

4000 

5+40680 

2857-1 

•2ij 

2-5861544 

25-9 

830   1 

4955864 

3)9 -5 

43U0 

52IS675 

3007-0 

as 

2-5540563 

27-9 

360   1 

4590573 

347 -a 

4600 

5015951 

3150-7 

so 

2-5241796 

299 

400   1 

4149733 

384-6 

5UO0 

4771213 

33 

2-4829169 

430   1 

3843158 

412-2 

6600 

4499690 

8548-4 

36 

2-4452582 

35-9 

460   1 

3567739 

439-8 

6000 

4259687 

3750-0 

40 

2-3998737 

39-8 

500   1 

322219S 

476-2 

6600 

4045705 

3939-4 

43 

2-3683950 

42-8 

550   1 

521-3 

7000 

88.3509 

4117- 6 

46 

2-3392354 

45-8 

600   1 

247154e 

556-0 

7500 

3679767 

4285-7 

HO 

2-B03196I 

49-8 

650   I 

2144362 

610-3 

8000 

3521825 

4444-4 

SS 

2-2e20l94 

54-7 

700    1 

1842858 

654-2 

8500 

3377528 

4594-6 

uu 

2-2244467 

59  6 

750   1 

15ti3472 

607-7 

9000 

3-^45111 

4730-8 

•a 

2' 1899004 

64-6 

800   1 

1303338 

740-7 

9500 
10000 

3123110 

soioaoo 

4871-8 
5000-0 

■ 

■ 

e  p.  335  (S  394). 
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Table  IX.^Nkw  Btahdabd  Wibb  GAues.t 


So. 

DUmeten. 

No. 

DUuneten. 

MfU.* 

DUfemioM. 

HflUmelrM. 

Mils* 

MfligreDOM. 

Hillimetna. 

0,000,000 

500 

12-70 

23 

24 

4 

-610 

000,000 

4e4 

36 

11-78 

24 

22 

2 

-559 

00,000 

432 

32 

10-97 

25 

20 

2 

-508 

0,000 

400 

82 

10  16 

26 

18 

2 

-457 

000 

372 

28 

9-45 

27 

16-4 

1-6 

•417 

00 

348 

24 

8-84 

28 

14-8 

1-6 

•376 

0 

324 

24 

8-23 

29 

13-6 

12 

-345 

I 

300 

24 

7-62 

30 

12-4 

1-2 

-315 

2 

276 

24 

7-01 

31 

11-6 

•8 

-295 

3 

252 

24 

6-40 

32 

10-8 

•8 

-274 

4 

232 

20 

5-89 

33 

10-0 

•8 

-254 

5 

212 

20 

5-38 

34 

9-2 

•8 

-234 

6 

192 

20 

4*88 

35 

8-4 

•8 

-213 

7 

176 

16 

4-47 

36 

7-6 

-8 

-193 

8 

160 

16 

4-06 

37 

6-8 

-8 

•173 

9 

144 

16 

3-66 

38 

6-0 

-8 

•152 

10 

128 

16 

3-25 

39 

5-2 

-8 

•132 

11 

116 

12 

2-95 

40 

4-8 

•  ^ 

•122 

12 

104 

12 

2-64 

.41 

4-4 

•  A 

•112 

13 

92 

12 

2-34 

42 

40 

•  A 

•102 

14 

80 

12 

2  03 

43 

3-6 

•  A 

-0914 

15 

72 

8 

1-83 

44 

3-2 

•  ^ 

•0813 

16 

64 

8 

1-63 

45 

2-8 

•  A 

•0711 

17 

56 

8 

1-42 

46 

2-4 

•  A 

•0610 

18 

48 

8 

1-22 

47 

20 

m  A 

•0508 

19 

40 

8 

1-016 

48 

1-6 

-4 

-0406 

20 

36 

4 

-914 

49 

1-2 

-4 

•0305 

21 

32 

4 

-813 

50 

1-0 

-2 

•0254 

22 

28 

4 

-711 

*  1  Mil 

nrth  of  an  i 

nfih. 

t  This  gauge  is  now  (March  1st,  1884}  the  only  legal  standard  wire  gauge 
for  the  United  KAngdom. 
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Batteries,  polariaation  in,  meamiremeiit  of,  262 
Battery  resistanoe,  use  of  t  ible  for  calculating,  468 
Bridge,  Wheatstone^e  {see  Wbeatstooe  bridge) 

C. 

Gables,  absorbed  charge  in,  334 

,  compound,  tests  daring  laying  of,  395 

,  conductor  resistance  of,  211 

,  corrections  for  effects  of  temperature  on,  373 

,  laying  of,  tests  during,  355,  356,  358 

,  measurement  of  electrostatic  capacity  of,  28S 

,  faults  in,  localisation  of  (see  Faults) 

,  insulation  of,  test  for,  331 

,  manufacture  of,  specification  for,  417 

,  tests  during,  421,  434 

Calibration  or  graduation  of  galvanometer  scales,  30,  58 
Capacity,  electrostatic  (see  Electrostatic  capacity) 
Cardew's  method  of  measuring  current  strength,  268 
Cells,  standard,  Clark's,  120 

,  De  la  Rue's,  121 

,  Poet  Office,  118 

,  Wheatstone's,  118 

Charge,  loss  of  (see  Potential,  loss  of) 
Chloride  of  silver  battery,  121 
Clark's  accumulation  joint  test,  361 

correction  for  condenser  discharge,  251 

fall  of  potential  fault  test,  345 

method  of  measuring  electromotive  force,  158 

standard  cell,  120 

Coefficient  for  effect  of  temperature  on  copper  resistance,  374 

gutta-percha  resistance,  378 

Coils,  resistance,  10 

,  Post  Office  pattern,  13 

,  slide,  14 

,  Varley's.  188 


for  cable  testing,  12, 14,  170 


for  core  of  cable,  tests  of,  421 

Combined  capacity  of  condensers,  238,  471 

conductivity  resistance  of  parallel  wires,  52 

insulation  resistance  of  parallel  wires,  206 

resistances,  468 

Compensating  resistances  for  galvanometer  shunts,  51 
Compound  cables  tests  during  laying  of,  355 
Condensers,  236,  471 

,  battery  resistance  measured  by  means  of,  258,  260,  261,  262 

I  ,  oonnectioiia  loi  dAsftViw^e  trom,  240 


Condensers,  oorreotions  for  disoliarge  from,  251 

,  elect  romoliye  force  meaflnred  by  means  of,  250 

,  joint  oapsoititB  of,  238,  471 

Conducting  power  of  copper,  effect  of  temperature  on,  ooneatlODH  for,  373 
Conductiiity  resistance,  elimination  of  effects  of  earth  aiurents  in  measuring, 
2ff7.  210,  224 

of  oftliles,  21 1 

by  WbeaUtooe  bridge,  2(H 

,  correction  for  effect  of  temperature  on,  373,  380 

of  three  wires  individually,  204 

-  of  two  wires  individually,  by  loop  teat,  233 


—  joint,  of  several  wires,  52 
-,  Bpecifio,  367 


Copper  wire,  speoiSo  conductivity  of,  367 

,  W.  T.  Olover's  table  of,  369 

,  effect  of  temperature  on  resiBtanw  of,  373 


irniiig  1 


its,  5 


'Q  resistajicea,  31 


Coulomb,  definition  of,  21 

Cubic  equation,  example  of  practical  use  of,  409 

Cunont,  unit  of,  1 

,  resistance,  and  eleoliomottTe  force,  between  two  points  in  a  circuit, 

relation  between,  25£i 
Current  strength,  meaeurument  of,  264 

— ,  by  direct  deflection  method,  26B 

Cardew'a  differential  „      288 

K«mpe'B  bridge  „      271 

■■ ■ differeuce  of  potential  deflection  method. 


275 


equilibrium 

-  Siemens'  dynamometer,  261 


207,210 

,  raoeived,  testing  telegraph  liues  by,  447,  453 

,  table  for  oalDulating,  449 


Dead-beat  gal*aaometer,  ThomBon's,  U 
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DeflectionB,  galfanometer,  method  of  reading,  25 

,  degree  of  aoouraoy  attainable  in  reading,  27 

De  la  Bne'8  standard  battery,  121 
DiBoharge  defleotiona,  correction  for,  251 

,  connectiona  for  meaaoring,  240 

,  teet  of  joint  by,  363 

key,  Kempe's,  241 

,  Lambert's,  242 

,  Bymer  JoDes*B,  243 

-,  P.  C.  Webb's,  239 


9  ' 

Disconnection,  total,  localisation  of,  in  cables,  395 

,  partial  „  „  395 

Dynamometer,  Siemens',  281 


E. 

Earth  readings,  table  of;  8 

,  resistance  of  an,  to  measure,  205 

current,  to  eliminate,  in  testing,  224 

,  by  Wheatstone  bridge,  207,  210 


faults,  a  method  of  localising,  403 


Electric  lamps,  method  of  measuring  the  resistance  of  and  currents  flowing 

through,  458 
Electrification,  332 

,  influence  of  temperature  on,  332 

Electrometer,  Thomson's  quadrant,  311 

,  grades  of  sensitiyeness  of,  322 

,  roTcrsing  key  for,  317 

,  tests  of  joints  by,  364 


-,  fall  of  charge  in  cable  by,  324 


Electromotive  force,  current,  and  resistance,  between  two  points  in  a  circuit, 
relation  between,  255 

,  unit  of,  1 

,  measurement  of,  118, 121 

,  by  Clark's  method,  158 

equal  resistance  method,  122 

deflection  method,  123 


Fahie's  method,  153 
Laws'  method,  250 
Lumsden's  method,  133,  137 
Poggendorffs  method,  143 
Postal  Telegraph  „      463 
Wheatstone's         „      129 
Wiedemann's         „      124 


,  table  for  calculating,  466 

Electrostatic  capacity,  meeameinftTk\.Q»^,*ia& 
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Electrottotie  capacity,  meararement  of,  by  direct  deflection  method,  288 

diWded  charge  method,  303 

Gott'a  method,  302 

Siamen*'       diminitthed        charge 

method,  306 
Sien 


'  loffi  of  cbftrge  deSectiiin 
--  Siemens'  loea  of  charge  diachsig? 


-  ThomsoQ'fl  method,  I 


ly  Clarf  H  fail  of  potentisl  method,  Si5 

-  Kempe'e  loss  of  current  method,  221 

-  loop  test,  221 

-  Lumaden's  method,  216 

-  Fahie's  „        218 

-  Siemena'  equal  potentiaJ  method,  349 
—  equilibriuDi  „       332 


-,  of  high  reBLBtimce.  384 

-,  in  coila  of  inauJaled  wire,  Warren's  method,  393 

-,  hy  combiaed  resistance  and  discharge  test,  103 


,  caused  by  diaconneotion,  localiaation  of,  8 

Figure  of  merit  of  galvanometers,  47 


deSoctions,  method  of  reading,  25 

,  petcuntage  of  accuracy  attainable  in 


-,  Gray  and  March  Webb's  arrangement  of,  36 
-,  Thomaoo'a  reflecting,  31 
,  lamp  and  scale  for,  39 
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GBWanometen,  angle  of  maximum  sensitiveness  in,  20 

,  calibiation  or  graduation  of  scale  of,  30,  58 

,  figure  of  merit  of,  47 

,  sensitiveness  of,  48 

,  shunts  fur,  43 

,  deflection  method  of  measuring  resistance  of,  3 

,  diminished  deflection  direct  method  of  measuring  resistance' 


of,  82 


89 


-,  shunt        „ 


>»  n 


-,  equal  deflection  method  of  measuring  resistance  of,  65 
-,  half  »  i»  >»  fj  •*>»  61 

-,  Thomson's  „  „  „  74, 79 

-.Phillips*  „  „  „  244 


,  resistance  for  best  eflfect  from,  413 

■ ,  for  measuring  currents.  Post  OfiBce  form,  450 

Gauge  for  electrometer,  315 

Glover,  W.  T.,  table  of  resistances,  ete.,  of  copper  wire,  369 

Gott's  electrostatic  capacity  test,  302 

Gray,  R.  K.,  arrangement  of  reflecting  galvanometer,  36 

Gutta-percha,  electrification  of,  332 

,  specific  insulation  of,  370 

inductive  capacity  of,  372 


,  effect  of  temperature  on  resistance  of,  377 

H. 

Half-chabob,  fall  to,  343 

Halving  deflection,  resistance  of  battery  by,  5,  94 

galvanometer,  by,  5,  61 

High  resistances,  measurement  of,  5,  327 
,  by  loss  of  potential,  339 


-,  localisation  of  faults  of,  384 
,  by  Warren's  method,  393 


I. 

Indiabubbeb,  electrification  of,  332 
Induction  plate  of  electrometer,  316 
Inductive  capacity  (see  Electrostatic  capacity) 

,  specific,  372 

Inferred  zero,  325 

Individual  resistance  of  three  wires,  204 

two        „      233 

Insulation,  correction  for  effect  of  temperature  on,  377,  382 

,  measurement  of,  5,  7,  206 

,  of  cables,  331 
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Insulation,  measurement  of,  by  tangent  galvanometer,  8 
transmitted  and  received  currents,  453 


-,  joint,  of  several  wires,  206 
-,  of  two  sections  of  wire,  206 
-,  per  mile  of  telegraph  lines,  445 
-,  specific,  370 

-,  standard  of,  for  land  lines,  6 
-,  Table  for  calculating,  8,  449 


Insulated  wires,  detection  of  faults  in,  by  Warren's  method,  393 

J. 

Jacob's  transparent  scale  for  reflecting  galvanometers,  39 
Jenkin's  method  of  measuring  high  resistances,  325 
Joint  capacities  of  condenbors,  238,  471 

conductivity  resistance  of  parallel  wires,  52 

insulation  „  „  „  206 

Joints,  testing  of,  by  Clark's  accumulation  method,  361 

discharge  method,  363 

■ electrometer    „  364 

Warren^  „  393 


-,  at  sea,  364 


Jones,  Rymer,  discharge  key,  243 

K. 

Kempe,  a.  B.,  on  the  leakage  of  submarine  cables,  384 
Kempe's  battery  resistance  test,  258,  262 

current  strength  test,  271 

discharge  key,  241 

loss  of  current  fault  test,  221 

Keys,  compound,  for  cable  testing,  461 

,  discharge,  Eempe's  241 

,  Lambert's,  242 

,  Rymer  Jones',  243 

,  F.  0.  Webb's,  239 

,  short-circuit,  234 


-,  reversing,  235 

-,  for  electrometer,  317 


KirchofiTs  laws,  134 
,  proofs  of^  455 

L. 

Lambert's  discharge  key,  242 


key  for  Thomson's  capacity  test,  301 


Lamps,  electric,  method  of  measuring  the  resistance  of  and  current  flowing 
through,  458 
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Land  lines,  measnrement  of  inBolation  of,  6 

,  standard  of  insulation  for,  6 

Lawfl^  test  for  electromotiye  force,  250 

Laj^ing  of  cables,  tests  dming,  355,  356,  358 

T<eadtiig  wires,  elimination  of  resistance  of,  212 

Leclanoh^  battery,  246 

Loop  method  of  measoring  oondootivify  TBmntsncm,  204 

test,  224 

,  Murray's  method,  225 

,  Varley's        „        228 

— ,  correction  for,  230 

,  Phttlips*  method,  233 


,  individual  resistance  of  two  wires  by,  233 

Loss  of  current  fault  test,  Kempe's,  221 

Low  resistances,  a  method  of  measuring,  459 

Lumsden's  method  of  measuring  electromotive  force,  133, 137 

system  of  testing  for  faults  in  cables,  216 


liANCE*s  resistance  of  battery  test,  105 

with  slide  wire  bridge,  108 

Manufacture  of  cables,  tests  during,  421,  434 

,  specification  for,  417 

Marine  galvanometer,  Thomson's,  45 

Matthiessen's  standard  of  copper  resistance,  367 

Maximum  sensitiveness,  angle  of,  in  galvanometers,  20,  60 

Merit,  figure  of,  of  galvanometers,  47 

Metre  bridge,  191 

Minotto  battery,  245 

Mile,  insulation  per,  of  lines,  445 

Milliamp^re,  449 

Morning,  or  daily  tests  of  laud  lines,  8,  447 

Multiplying  power  of  shunts,  51 

Multiple  arc,  52 

Murhead's  battery  resistance  test,  260 

Munro's        „  „  „    261 

Murray's  loop  test,  225 


O. 


Ohm,  definition  of,  1 

Obm*8  law,  1 

One  cell,  246 

,  oonBtant  taken  m\J[i,^'2S 


Faballax  error  in  galvoDometere,  method  oF  avoiding,  19 
Pttraliel  wires,  joint  resiBtauoe  of,  52 
Partial  disconneclion  in  cable,  localiaatioa  of,  395 
Pbillipfl,  S.  A.,  method  of  measuring  the  individual  resistaaoe  of  ti 
loop  test.  333 

— galvanometer  reBiatonoa,  21 

making  loop  test,  233 

FoggendorfTa  method  of  measuring  electromotive  forces,  113 

Pokriantinn  in  batteiiee,  ineasurement  of,  262 

Portable  teSecting  galvanometer,  38 

Festal  Telegraph  Department,  galvanometer  used  by,  450 

^  fltandard  oell  used  by,  118 

■ — ,  Wheotstone  bridge  need  by,  13 

,  ajalem  of  teatiog  lines  by  rsceivBd  ci 

— ■■  ■ —  butteries,  i(J3 

PotwiUal,  fall  of.  formulB  for,  312 
of.  217 
—  resistances  by,  336 


-,  Clact's  teat  foe  fknlt  by,  345 

-.  Siemens'    „  „        equilibriuni  of,  352 

,  equal,  349 


•n  temperature  corrections,  375 


QtrADBAHT  eleclrometer,  Thomeon'a,  311 


10  cuirents,  tabls  for  calculating,  449 

,  testing  telegrnph  lines  by,  117 

iteflecting  galvanometer.  ThomaoD's,  31,  36,  38 

,  lamp  and  acula  for,  39 

Repleniflhar  of  electrometer,  314 

Besistance,  current,  and  electromotive  force,  between  two  poinla  ii 
[elation  between,  255 

,  onit  of,  1 

it  of,  by  deflection,  3 

-halfdfifleotion,5 

~  aabslitutioQ,  2 

-  fall  of  potential,  336 
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Beastance,  measurement  o(  by  Wheatstone  bridge  (Me  Wheatsione  bridge) 

coilB,  10 

,  Poet  Office  pattern,  13 

,  slide,  14 

for  cable  testing,  12, 14, 170 

Besistanoes,  combined-,  468 

,  compensating,  for  galvanometer  shunts,  51 

— ,  high,  measurement  of,  5,  827 

,  insulation,        „  331 


-,  joint,  of  several  wires,  52 

-,  low,  a  method  of  measuring,  459 


Resultant  fault,  230 
Reversing  keys,  235 
,  for  electrometer,  317 


switches,  236 


Koberts,  Martin,  method  of  using  metre  bridge,  193 
Rymer  Jones^  discharge  key,  243 


8. 

Scale,  galvanometer,  graduation  or  calibration  of,  30,  58 

,  and  lamp,  for  Thomson's  reflecting  galvanometer,  89 

,  Jacob's  transparent,  „  „  39 


-,  Silvertown  form,  „  „  40 


Sections,  two,  of  wires,  insulation  of,  206 

Sensitiveness,  angle  of  maximum,  in  galvanometers,  20,  60 

,  of  galvanometers,  48 

Short-circuit  keys,  234 
Shunts,  49 

,  galvanometer,  43 

,  compensating  resistance  for,  51 

,  method  of  adjusting,  58 

,  multiplying  power  of,  51 


--,  table  of,  335 


Siemens,  battery  resistance  measurement,  99 

,  localisation  of  faults  by  potential,  349,  352 

,  electrostatic  capacity  by  loss  of  charge  measurement,  290,  296,  306 

telegraph  works,  transparent  galvanometer  scale  in  use  at,  39 

dynamometer,  281 

Silvertown  reflecting  galvanometer,  36 
■  galvanometer  scale,  40 

— compound  key  for  cable  testing,  461 

Sine  galvanometer,  17 
@ingle  wire  cable,  test  during  laying,  356 
Slide  resistance  coils,  14 
bridge,  NotVefa,  \%"^ 


,  batlory  resislanoo  by,  108 

— ,  galvanometer  reHistaiice  b;.  79 


Eiuitli,  Willoughby,  Bjalpin  of  tosting  oublaa  during  lnjiiig,  3J8 
Bpeeifio  measuremsnls,  367 

conductivity.  3li7 

inductive  or  eleotroBtiitio  o*p»oitj,  372 

insaliition,  370 

Specificatiou  for  maiiufitotuie  of  cables,  417 

Btandnnl  cull,  Clurk'e,  120 

,  Db  1ft  Eue'B,  121 

,  Pout  Office,  118 

,  Wiieatatone'B,  118 

of  copper  raBUEunce,  Mattbi 

of  iiiaiilatioa  for  kud  lined, 

Subatitution  method  of 

bvfitobee,  revorijiDg,  236 
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u. 

Uhtib.  electrioal,  1 

V. 

Varlxt'b  loop  test,  228 

slide  resistanoe  bridge,  188 

Volt,  definitioii  of,  1 

W. 

Wabben's  test  for  small  faults  in  insnlated  wires,  893 
Webb,  Haroh,  arrangement  of  reflecting  galyanometer,  36 

,  p.  On  discharge  key,  239 

Wheatstone  bridge,  166 

,  oonditionB  for  aocnxate  measurements  by,  170 
. —  ,  used  by  Postal  Telegraph  Department,  13 

-,  conductivity  resistance  by,  204 


,  insulation  „  „  206 

measurement   by,  when  exact  equilibrium  cannot  be 


obtained,  186 

-,  measurement  by,  of  wires  traversed  by  earth  currents,  207 


-,  method  of  connecting  up,  169 
-,  slide  wire  or  metre,  191 
— ,  Yarley's  slide  resistanoe,  188 


Wheatstone's  method  of  measuring  electromotive  force,  129 

standard  cell,  118 

Wiedemann's  method  of  measuring  electromotive  force,  124 
Wires,  individual  resistance  of  three,  204 

■ two,  by  loop  test,  233 

Wires,  joint  resistance  of,  52 

,  copper,  specific  conductivity  of,  367 

,  temperature  corrections  for,  373,  375,  380 

Willoughby  Smith's  system  of  testing  cables  during  laying,  358 

Z. 

Zero,  false,  210,  230 
,  inferred,  325 
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Staircase  Builder.    Fourth  editiori,  with  teven  plates,  Svo,  cloth,  3t.  iid, 

Handrailing:  by  the  Square  Cut.     By  John  Jonj 

Staircase  Builder.     Part  Second,  luilA  eight  plates,  Svo,  elolh,  y.  6£ 

\  Practical  Electrical  Units  Poptilarly  Explained,  with 

uiima-QHs  itluitraliens  and  Remarks.  By  Jambs  Swinburne,  late  of 
J.  W.  Swan  and  Co.,  Paris,  late  of  Brusli-Swan  Electnc  Light  Company, 
U.S.A.     iSmo,  clolh,  IS.  6d. 

mlPhilipp  Peis,  Inventor  of  th£  Telephone:  A  Biographical 

K'        Sketch.      Wilh  Documentary  Testimony,  Translations  of  the  Original 
Papers  of  the  Invenlor,  &c     By  SiL\-AKUs  P.  Thompson.  B.  A.,  Dr.  Sr 
Professor  of  Experimental  Physics  in  University  College,  BristoL 
i!lHftraU'ons,  Svo,  clolb,  71.  6j/. 


'J 


^M 


rrr' 


PUBLISHED  BY  E.  &  F.  N.  SPON. 


A  Poeket-Book  of  Useful  Formula  and  Memoranda 

for  Civil  and  Mechanical  Engineers.     B/  GuiLFORn  L.  Moleswortu, 
Mem.  Inst,  C.E.,  Consulting  Engineer  to  the  Government  of  India  for 
Slate  Railways.       IVith  numeroui  Uiuslraliani,  744  p]).      Twenty-first 
edition,  revised  and  enlarged,  jemo,  roan,  bi. 
Synopsis  oy  Contents! 

Sirveyini.  Levelllni.  dIc— Strcnnh  ind  W<ighl  af  Maleriiili— Eutlivroric  Brickwotk, 
Muonry,  Archet,  ac—Saaa,  Columns,  Beams,  and  Truuu— Flodring,  Rnoliiig,  aod  Ruuf 
TruHci— Olidert.  Bridaa,  elc.— Rulvayi  tuid  Roadt— Hydraulic  FannalB— Canals.  Snert, 
WaleTKorki,  Dgclu-fn^ation  and  Bieikwuen-Gu,  Ventilillan,  and  Warminl— Hem, 
Light,  Colour,  ani  Saund— Gravity :  Cutiw,  Forcei,  and  Pnwcn— MiUwotk,  Ttclh  of 
Wbeeli,  Sbafiing,  elo.— Worlutiop  Rcdpo— Sundry  Madilneiy — Animal  Fovci — Steam  and 
ttM  Slcain  Eadne— WUar-iw>vcr,  Waier-»h«1i,  Turbines,  ctc-Wind  uil  Windmllli- 
Steam  NavigatiDii,  Ship  Btiildtnt,  Tonnage,  <Ic. — Gunnery,  PraJeetUn,  etc,— Weighti, 
MeuUTC!,  and  Money— TrJEonaiaetry,  Conic  Sectkmi,  and  Curvei— Telegnphy— Mnuura- 

Cnbe  Rooli,  Powera— Redproeak,  etc.— Useful  NumberB— DiSerenliiJ  and  Integral  Calcu-         ^- 
lui— Algebraic  Signs— Telegrapluc  Conslruelion  and  Formula.  ^B 

Spon^     Tables    and   Memoranda    for    Engineers;     H 

selected  and  arranged  lay  J.  T.  Ht;kst,  C.E.,  Author  of  'Architectural      V 
Surveyors' Handl)ook,''Hutsl'aTredgo]d'sCarppnlry,' etc.   Fifth  edition, 
64mo,  roan,  gilt  edges,  u. ;  or  in  doUi  cose,  Ir.  td. 
Thli  work  Is  primed  in  a  pearl  t^pe,  and  is  10  imail,  measuring  only  it  in.  by  il  In.  by 

"  It  is  cerfiunly  an  exn-emely  rare  thing  for  a  reviewer  to  be  railed  upon  to  notice  a  volume 
meosurine  but  al  m.  by  i(  in.,  yet  these  dimensions  faithfully  represent  the  sue  of  (he  handy 

pages  for  nemoranda— ^,  In  facr,  a  True  packer-book,  adapted  for  being  carried  in  the  vraisi. 
coat  pocket,  and  containing  a  fargrcaler  amount  and  variety  of  iufomjalion  thoo  most  poo(,]v 
would  imagine  could  be  compressed  Into  so  small  a  spice The  little  veliinie  hu  Uen 

raiders  as  a  uieful  little  pocket  campanion-'*— fr^r^ffnnifif. 

Analysis,  Technical  Valuation,  Purification  and  Use 

e/CaalCat,  By  the  Rev.  W.  R.BowDiTCtt,  M.A.  IVilA  wood  evgravingi, 
SvD,  doth,  izi.  6d. 

A    Practical   Treatise  on    Natural  and  Artificial 

Ca'icrtle,  its  Varitlies  and  CantlriKlri/i  Adaplalions.  By  IlENRY  RttID, 
Author  of  the  '  Science  and  Art  of  the  Manufacture  of  Portland  Cement.* 
New  Edition,  viitA  59  'WoodciUs  and  5  //tif^.r,  Svo,  cloth,  15J. 

Hydrodynamics :  Treatise  relative  to  the  Testing  of 

Walcr-Wlieel*  and  Machinery,  with  various  other  matters  pertaining  to 
Hydrodynnmics.  By  James  EMBftsoN.  l^ilk  aumtrous  iiluHrsHiom, 
360  pp.    Third  edition,  ciown  Svo,  cloth,  4/.  &/. 

Electricity  as  a  Motive  Power.     By  Count  Th.  Du 

^MoNeKL,  Membre  de  I'lnstitul  de  France,  imd  Frank  Gbkaldy,  Ing^- 
nieur  des  Fonts  et  Chausjes.  Tmnslated  and  Edited,  with  Additioni,  oy 
C.  J.  Whaktqn,  Assoc.  Soe.  Tel.  Eng.  and  Elec.  With  1 13  ensratiings 
and  diagrams,  crown  Svo,  cloth,  is.  dd. 


The    French- Polisher's   Manual.       By   a    French- 

PolUheti  coQlaining  Timber  Stalnine,  Washing,  Matching,  Improving, 
PiintinB,    Iroitalions,    Directions    for    Staining,    Si  ling,    Embodjing. 
I  Smoothing,   Spirit   Varnishing,    French^roliahing,   DirectJons   foe   Kc- 

polisbing.    Third  edition,  royal  3inio,  sewed,  6rf, 

Hops,    thdr    Cultivation,    Commerce,    and    Uses  in 

varioui  Cmnlria.     By  P.  L.  Simmonds.    Crown  8vo,  cloth,  41.  W. 

A  Practical  Treatise  on  the  Manufacture  and  Distn- 

iulioK  of  Coal  Gas.   By  William  Ricrakds.     Demy  410,  -wUh.  numtrsm 
viaoii  mgravingi  and  ig  plaUt,  clolh,  28*, 
I  SvHOPSis  OP  Contents  : 

I  IiiIrDducIion— Hiilory  oT  Gas  Lighting — Chcmislrv  of  Gat  Mannracture,  by  Lewu 
'  TKampun,  Esq.,  M.R.C.S.— Coal,  with  Amiyses,  by  J.  pHtcnon,  Ixm'a  Tlumpson,  and 
'  G.  R.  Hulop,  EinEfc— Relom,  Icqn  »oiI  Cfay— Reim  SeliinE^Hydraulio  Main— Cot- 
ricii«n — Eiliaiutin — WaihETi  and  Scrubberi — Purilicra — Funlicalian  —  Huloiy  of  G^ 
Haider  — Tanks.  Bride  nod  Stmw,  Comptintc,  CanoMe,  Cait-imn,  Compound  AnnuUi 
Wrouglit-inm — Spedftariotu — Gai  HoWen  —  Sia^oo  H«er — GnYEmqr — Dislribulioo- 
Maioi— Gai  Muihematlci,  or  FurmuliB  foe  ihe  DiHribatiiiQ  ofGu,  by  Lewl>  ThoinpiDn.  Esq.— 
Scrvicci— Cansumers'  Mclen—RcEulslDn—Buiaeni— Fitting!— Fhataioelcr—airhuriEalliiii 
o(  Gas— Air  Gm  and  Waia  Gas— Conposilion  of  Co»]  Gm,  by  Lnufs  Thompson.  Em,— 
AnalyMJ  of  GlH-Influ=n«  of  Atmoipheric  PrHsnre  and  Temptratun:  on  Gav-Residu^ 
FcoducU— AppesdIp-I>c»:iiiHiDn  of  Rctart  Settings,  Buildings,  etc.,  etc 

Practical   Geometry,    Perspective,    and  Engineering 

Drawing;  a  Course  of  Descriptive  Geometry  adipled  to  the  Require- 
ments of  the  Engineeiing  Draughtsman,  including  the  determination  of 
cast  shadows  and  Isometric  Projection,  each  chapter  being  followed  by 
numerous  examples  ;  to  vihich  are  added  rules  for  Shading  Shade-lining, 
etc.,  together  with  practical  iostmclions  ns  to  (he  Lining,  Colouring, 
Printing,  and  geneml  treatment  of  Engineering  Drawings,  with  a  chapter 
on  drawing  Imlnunents  By  CeoiiCB  5.  Clakke,  Capt.  R.E.  Second 
edition,  -mUA  3i/}tait!.    z  vols.,  clolh,  101.  td. 

1  The  Elements  of    Graphic  Statics.     By   Professor 

[  Karl  Von  Ott,  translated  from  the  German  by  G,  S.  Clakke,  CapL 

I  R.E.,   Inslruclor  in   Mechanical  Drawing,   Royal  Indian   Engineering 

I  College,     fVi/A  93  Hhutrati'oni,  crown  8vo,  clolh,  5/. 

L  The  Principles   of  Graphic   Statics.       By    George 

Sydenham  Clarke,  Capt.  Royal  Engineers,  ii^lh  112  illHstratioas. 
4(0,  cloth,  iis.td. 
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The  New  Formula  for  Mmn  Velocity  of  Discharge 

ef  Rivers  and  Canals.  By  W.  R.  Kutter.  Translated  from  articles  in 
the  ■  CQltur-Ingenieur,'  by  Lowis  D'A.  Jackson,  Assoc.  IdsI.  C.E. 
8vo.  doth,  I2J.  td. 

Practical  Hydraulics  ;  a  Series  of  Rules  and  Tables 

foe  the  use  of  Engineers,  etc,  etc.  By  Thomas  Box.  Fifth  edition, 
mimerims  plaits,  post  Svo,  ciotli,  5J-. 

A  Practical  Treatise  on  the  Cottstniction  of  Plori- 

denial  bhU  VerlUal  Waltnvhecls,  Epeciolly  designed  for  the  use  of  opera- 
tive mechanics.  By  William  Cullen,  Millwright  and  Engineer.  M^ilk 
II  flairs.    Second  edition,  revised  and  enlarged,  small  4to,  doth,  I2j.6</. 

Aid  Book  to  Engineering  Enterprise  Abroad.     By 

EwiNG  Matheson,  M.  Inst  C.E,  The  book  tresis  of  Public  Works 
nnd  Engineering  Enterprises  in  their  inception  nnd  preliminary  arrange- 
ment ;  of  the  different  modes  in  which  money  is  provided  for  tlieir 
accomplishment ;  and  of  the  economical  and  tecnoical  considerations  by 
which  success  or  failure  is  determined.  The  information  necessary  to 
the  desigTis  of  Engineers  is  classified,  as  are  also  those  patticulacs  by 
which  Contractors  may  estimate  the  cost  of  works,  and  Capitalists  the 
probabilities  of  profit.    Jlluslraltd,  2  vols.,  Svo,  I2J.  61/.  each. 

The   Essential  Elements   of  Practical   Mechanics ; 

basal  OH  the  Principle  of  Work,  designed  for  Engineering  Students.  Bj 
Olivkr  Byrne,  formerly  Professor  of  Mathematics,  College  for  Civil 
Engineers.      Third  edition,   ■mtk   14S  wood  engtaviiigs,  post  Svo,  cloth, 

Contents  ; 

Chap.  I.  How  Work  i»  Mouurid  ty  a  Unli,  hMh  with  Md  wilhout  reftrence  to  a  Unit 
of  Time— Chap.  I.  ThE  Wcrlc  g{  Living  AechU,  Ihi  loHiienre  of  FricHon,  and  introducci 
one  of  the  most  bcaulirul  Laws  of  Mot  ion— Chap.  ).  The  pnncipl«  etpsiiodcd  in  the  linlaud 
Kcand  chaplDn  are  ippUed  10  tlie  Motion  of  Btxiio— Chap,  4.  The  Ttaumtuion  oT  Worlt  b7 
>in;ptE  Uachinu— Ctuip.  5.  UsEful  Propositions  ind  Ruies. 

The  Practical  Millwrighi  and  Engineer's    Ready 

Reckoner;  or  Tables  for  finding  the  diameter  and  power  of  cog-wheels, 
diameter,  weight,  and  power  of  shafts,  diameter  and  strength  of  bolts,  etc. 
By  Thomas  Dixon.     Foorth  editiian,  limo,  doth,  y. 

Breweries  and  Mailings :  their  Arrangement,  Con- 
struction, Machinery,  and  Plant.  By  G.  ScAMEt.L,  F.R.I.B.A.  Secotid 
edition,  revised,  enlarged,  and  partly  rewritten.  By  F.  Colyer,  M.I.C.E., 
M.I.M.E.     With  ioplatts,  8vo,  doth,  i8j. 

A  Practical  Treatise  mi  the  Manufacture  of  Starch,   , 

Gliieese,  StarehSagar,  and  Dexirtne,  based  on  the  German  of  L.  Von 
Wagner,  Professor  in  the  Royal  Technical  School,  Budn  Pcslh,  and 
other  authotiLies.  By  Julius  Fkankel;  edited  by  Robert  Huttkk, 
'  proprietor  of  the  Philaddphia  Starch  Works,  \iith  58  iiluslratioHs, 
344  PP-i  ^^'°i  cloth,  18/. 
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A    Glossary  of  Terms  used  in  Coal  Mining.      By 

William  Stfkelfv  Grbslry,  Assoc  Mem.  Inst.  C.E,,  F.G.S.,  Member 
oTlbe  North  of  England  Inslilute  of  Mining  Engioeers.  Illustrated 'vith 
Humfmiis  viefdcHls  anJ  liiagrami,  crown  Svo,  tloth,  y. 

A  Pocket-Book  for  Boiler  Makers  and  Steam  Users, 

comprising  a  vuiely  of  useful  inromiation  for  Ernployer  and  Workman, 
Government  Inspectois,  Board  of  Trade  Surveyore,  Engineers  in  charge 
of  Works  and  Slips,  Foremen  of  Msnafactories,  and  the  geoEral  Steam, 
using  Pablie.  By  Maurice  John  Sexton.  Second  edition,  rojal 
3amo,  roan,  gilt  edges,  S^'- 

T/u  Strains  upon  Bridge  Girders  and  Roof  Trusses. 

including  the  Warren,  Lattice,  Trellis,  Bowstring,  and  other  Forms  nf 
GiriJers,  the  Curved  Koof,  and  Simple  and  Compound  Trusses.  Bjr 
Thos.  Cargill,  C.E.B.A.T.,  CD.,  Assoc.  Inst.  C.E.,  Member  of  the 
Society  of  Engineers.  With  64  il/ustratiani,  dramn  and  worked  out  to  sculf, 
8vo,  cloth.  111.  6d. 

A  Practical  Treatise  on  the  Steam  Engine,  con- 
taining Plans  and  Arrangements  of  Details  for  Fixed  Steam  Engines, 
with  Essays  on  the  Prir;ciplcs  involved  ii;  Design  and  Construction.  By 
Akthur.  Rigg,  Engineer,  M«mher  of  the  Society  of  Engineers  and  of 
the  Royal  Institution  of  Great  Britain.  Demy  410,  cepiously  illuitratid 
with  woodcuts  and  96  plaits,  in  one  Volume,  hatf-bound  11 
or  cheaper  edition,  cloth,  25^, 


cins  pncllct    To  this  end  riustiacioiu  will 
The  Uws  celaiing  to  the  action  ud  preci 


lods,  Ciosa-heid^  Irlalian-blodu,  EccentiHca,  Simple,  Erpaation,  Balanced,  aiui  Equllit 
SlIde-vBlvei,  and  Vslve-gearing  irill  be  minutely  iJealr  irith.    la  this  coaneelion  will  bel 

H<lat°a»rEip^ioD°or  Steam  Govemuns,  and  Ih^likc    ll  ii'the  wm^t 'dsh^  u  dio 


Barlow's   Tables  of  Squares,    Cubes,  Square  Roots,  I 

Cuie  Raols,  Reciprocals  of  all  Inligfr  Numbers  Kf  to  IO,(xxx     PostSvOi    I 
doth,  &r. 

Camus  (Jif.)  Treatise  on  the  Teeth  of  Wlieels,  demon- 

stmting  the  best  forms  which  can  be  given  to  tliem  for  the  pnrposesflf 
Machinery,  such  as  Mill-work,  and  Clock-work,  ami  the  art  of  fincbii£ 
their  numbers.  Translated  from  the  French,  with  details  of  the  present 
practice  of  Millwrights,  Engine  Makers,  and  other  Machinists,  bj 
Isaac  Ha\vk.ins.    T\ii!d.  edit  ion,  -.vifh  \%pJatt!,  Svn,  doth,  51. 


A   Practical  Treatise  on  the   Science  of  Land  and 

Engtnterittg  Surveying,   Laiclling,    Estimating  Quanlilia,  etc.,   with  a 
genera!  deacriptioii  of  the  several  Instroments  required  for   Surveying, 
Levellii^,  Plottiag,  etc.    By  H.  S.  Mehrett.     Third  edition,  41  flala 
■aiUh  illiutratiotts  and  tables,  royal  Svo,  doth,  12s.  dd. 
Principal  Contests  t 

Pul  I.  lalroductiaD  and  Ihe  Prlnqiplei  of  Geomeuy.  Pari  i.  Land  Surveying ;  ram- 
prlcini  GeMiHl  ObsemdoDS— The  Chain— OffseU  Survevine  by  ths  Chain  ooly— Surveying 
HiUy  Ground— Tq  Survey  an  EsKit  or  Parish  hy  the  Chain  only— Sutytyine  "iih  Ihe 
Thndalile — Mliiiug  and  Town  Sulvcyiog— Railroad  Surveying— Mappings-Division  and 
LayingoulofLand—ObitrvatiotisonEncIoiures-Planc Trigonometry.  Pans.  Levelling— 
Simple   and   Compound    Levcllinu— The   Level    Book- Parliamentary   Plan    and   Seelion- 


Compasa  —  Prop 
.ed  (5oadraul-l 

Slralani   togo    and    Sc —  ■ 

Cti-Kn«,  Tangeol!  and 


Saws :  the  History,  Development,  Action,  Classifica- 
tion, and  Cimpariion  gf  Sawi  of  ail  kinds.  By  ROBERT  Grimsmaw. 
With  220  i/lustrations,  410,  cloth,  12s.  6d. 

A   Supplement  to  the  above ;    containing  additional 

practical  mailer,  more  especially  relating  tn  the  forms  of  Saw  Teeth  for 
special  material  and  conditions,  and  to  the  behaviour  of  Saws  under 
particular  conditions.      Ifili  lao  illustralions,  clolh,  gj. 

A  Guide  /or  t/te  Electric  Testing  of  Telegraph  Cables. 

By  Capl.  V.  Hoskicek,  Royol  Danish  Engineers.  ff%4  iiliiitratians, 
second  edition,  crown  Sro,  cloth,  4r-  dd. 

Laying  and  Repairing  Electric  Telegraph  Cables.    By 

Capt.  V,  HosKlCER,  Royal  DanisTl  Engineers.  Croim  Svo,  cloth, 
y.6d. 

A  Pocket- Book  of  Practical  Rules  for  the  Proportions 

ej  MaderH  Engines  and  Boilers  for  Land  and  Marine  purposes.  By  N.  P. 
BuRSH.     Seventh  edition,  royal  jamo,  roan,  ^r,  6rf. 

Table  of  Logarithms  of  the  Naturat  Numbers,  from 

I  to  108,00a     By  Charles  Babbage,  Esq.,  M.A.    Stereotyped  edition, 
lo^  Svo,  cloth,  ^s.  6d. 
Ta  eniuce  the  cormcInESs  or  thene  Tablet  of  Laearithniii,  they  were  compared  with  Callet  I's, 
Vega'l,  Hullon-S,  Btiggl",  Gardiner'*,  and  Taylor's  Tables  of  Logarilhms,  and  carefuUy  read 

sTereDcyped  sheets  were  liung  up  in  the  Hall  at  Cambridge  UnlversiEy,  and  a  reword  ofiered 
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The  Steam  Engine  considered  as  a  Heat  Engine :  a 

Treatise  on  Ihe  Theory  of  the  Steam  Engine,  illnstrated  by  Diagramt, 
Tables,  and  Examples  from  Practice.  By  Jas.  H.  CoTTEtiLL,  M.A., 
F.R.S.,  Professat  of  Applied  Mechanics  id  the  Royat   Naval   CoUcgn. 

gvo,  cloth,  12J.  bd. 

The  Practice  of  Hand  Turningin  Wood,  Ivory,  Shell, 

tie.,  with  iDElnictions  for  Turning  such  Work  in  Metal  as  may  be  required 
in  the  Practice  of  Turning  in  Wood,  Ivoiy,  etc  ;  also  an  Appendix  od 
Omsmenial  Turning.    (A  book  for  becinners.)     By  Francis  Campin. 
Tbirtl  edition,  wilk  vood  ejigra-i'tHgi,  crown  Svo,  cloth,  61. 
Contents  : 

On  Lalha— Tuniine  TomIi— Tuning  Wood— DrilHnE— Scnv  Cutting— Ml»:c!ki>iM> 
Appiralusand  Procoset— Tumiog  Purdcular  Formi—SiaiiiinB— Polishing— Sidnnine  Ueuk 
— Maleriib— Onaunemil  Turning,  elc. 

Health  and  Comfort  in  House  Building,  or  Veni 

liOK  ivilh  IVarm  Air  hy  Self-Aciing  Suction  Power,  with  Review  of 
mode  of  Calculating  the  Draught  in  Hot-Ait  Flues,  and  with 
Experitneois.      By  J,  Drybda-le,  M,D.,  and  J.  W.   Hayward, 
Second  edition,  with  Supplement,  wUh  filaUs,  deny  Svo,  cloth,  7^.  64.. 

Treatise  on  Watchwork,  Past  and  Present.      By  the! 

Rev.  H.  L.  Nelthropp,  M.A.,  F.S.A.  ftrah  32  Uluslraiiatu,  amra 
8vo,  cloth,  &s.  6ii. 

Contents  ; 

TsTms  used  in  Watchwork— T«els— Time— Historical  Snn- 


Pivut  Holtj— actkeowell 
and  Use  a  Wuch.  etc 

Notes  in  Mechanical  Etigimering.  Compiled  prin- 
cipally for  the  use  of  Ihe  Students  attending  the  Classes  on  this  subjecl  i> 
the  City  of  London  College.  By  Henry  Adams,  Mem.  Inst.  M.E, 
Mem.  Inst.  C.E.,  Mem.  Soc  of  Engineers.    Ctown  Svo,  cloth,  2r,  &/. 

Algebra   Self-Taught.       By  W.    P.    Higgs,    M.A.. 

D.Se.,  LL.D.,  Assoc  Inst  C.E.,  Author  of  'A  Handbook  of  tlie  Djff«- 
enttal  Calculus,'  etc.     Second  edition,  crown  Svo,  cloth,  31.  &/, 


arid  Proportluflalc  P 
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Oprratieii— The  Equation  and  the  Unknown  Quuil 
± — Mulrip'icaiiuD — Involution— Exponents — Negati-  -  * 
. .-.v_.     ijieatilhni!— Tables  of  Li 
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A    SUPPLEMENT 

SPONS'  DICTIONARY  OF  ENGINEKRING, 

Cibil,  Ptt^anual,  ^ilifsrj,  an^  ^abnl. 

Edited  by  ERNEST  SPON,  Meub.  Soc.  Engineeks. 

The  success  which  has  atlended  the  publicalion  ot  '  Spo\s'  Dictionakv  of      - 

EsGlNEESiNO '  has  encouraged  the  I'ublishers  to  use  every  effort  tending  lo 
keep  tlie  work  up  to  the  alandard  of  existing  professional  knowledge.     As  the 

Book  his  now  been  some  years  before  the  public  without  addition  or  revision, 

there  are  many  subjects  of  importance  which,   of  necessity,   are  either  not 

included  in  its  pages,  or  have  been  treated  somewhat  less  fully  than  (heir 

present  importance  demands.    With  the  object,  therefore,  of  remedying  these 

omissions,  this  Supplement  is  now  being  issued.     Each  sabjecl  in  it  is  treated 
in  a  thoroughly  comprehensive  way  ;  but,  of  course,  without  repealing  the 

information  already  included  in  the  body  of  the  work. 

The  new  matter  compr 

ses  articles  upon                                                                  ^H 

Abacus,  Counters,  Speed 

Coal  Mining. 

Lighthouses,  Buoys,  and 

Indicators,   and   Slide 

Coal  Cutting  Machines. 

Beacons. 

Rule. 

Coke  Ovens.     Copper. 

Machine  Tools. 

Agricultural  Implements 

Docks.    Drainage. 

Materials   of    Constnic- 

and  Machinery. 

Dredging  Machinery, 

Air  Compressors. 

Dynamo  -  Electric    and 

Meter^. 

Aoimal    Charcoal    Ma- 

Magnelo-Elcctric Ma- 

Ores,     Machinery     and 

chinery. 

Processes  employed  to 

Antimony. 

Dynamometers. 

Dress.            ^    ^ 

Axles  and  Axle-boxes. 

Electrical     Engineering, 

Piers. 

Bam  Machinery. 

Telegraphy,      Electric 

Pile  Driving. 

Belts  and  Belting. 

Lighting  and  its  prac- 

Pneumatic   Transmis- 

Blasting.    Boilers. 

tical  detEils,TelephoQe5 

sion, 

Brakes^ 

Engines,  Varieties  of. 

Pumps, 

Brick  Machinery. 

Explosives.    Fans. 

Pyrometers. 

Bridges. 

Founding,  Moulding  and 

Road  Locomotives 

Cages  for  Mines. 

the  practical  work  of 

Rock  Drills. 

Calculus,  Differential  and 

the  Foundry. 

Rolling  Stock. 

Integra]. 

Gas,  Manufacture  of. 

Sanitary  Engineering. 

Canals. 

Hammers,     Steam    and 

Shafting. 

other  Power. 

Steel. 

Cast  Iron. 

Heal.     Horse  Power. 

Steam  Navvy. 

Cement,       Concrete, 

Hydraulics. 

Stone  Machinery. 

Limes,  and  Mortar. 

Hydro-geology. 

Tramways. 

Chimney  Shafts. 

Indicators.     Iron, 

WeU  Sinking. 

Cod      OcMkuiiK       >nd 

LifU,  Hoists,  and  Eleva- 

ion. 
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INDUSTRIAL  ARTS,  MANUFACTURES,  AND  COMMERCIAL 

PRODUCTS. 

Edited  by  C.  G.  WARNFORD  LOCK,  F.L.S. 
Among  the  more  important  of  the  subjects  treated  of,  are  the 


following : — 

Acids,  207  pp.  220  figs. 
Alcohol,  23  pp.  16  ngs. 
Alcoholic  Liquors,  13  pp. 
Alkalies,  89  pp.  78  ngs. 
Alloys.  Alum. 

Asphalt        Assaying. 
Beverages,  89  pp.  29  figs. 
Blacks. 

Bleaching  Powder,  15  pp. 
Bleaching,  5 1  pp.  48  figs. 
Candles,  18  pp.  9  figs. 
Carbon  Bisulphide. 
Celluloid,  9  pp. 
Cements.       Clay. 
Coal-tar  Products,  44  pp. 

14  figs. 
Cocoa,  8  pp. 
Coffee,  32  pp.  13  figs. 
Cork,  8  pp.  17  figs. 
Cotton  Manufactures,  62 

pp.  57  figs. 
Drugs,  38  pp. 
Dyeing       and       Calico 

Printing,  28  pp.  9  figs. 
Dyestuffs,  16  pp. 
Electro-Metallurgy,      13 

pp. 
Explosives,  22  pp.  33  figs. 
Feathers. 
Fibrous   Substances,   92 

pp.  79  figs. 
Floor-cloth,    16    pp.   21 

figs. 
Food  Preservation,  8  pp. 
Fruit,  8  pp. 


Fur,  5  pp. 

Gas,  Coal,  8  pp. 

Gems. 

Glass,  45  pp.  77  figs. 

Graphite,  7  pp. 

Hair,  7  pp. 

Hair  Manufactures. 

Hats,  26  pp.  26  figs. 

Honey.         Hops. 

Horn. 

Ice,  10  pp.  14  figs. 

Indiarubber       Manufac- 
tures, 23  pp.  17  figs. 

Ink,  17  pp. 

Ivory. 

Jute    Manufactures,     1 1 
pp.,  II  figs. 

Knitted      Fabrics  — 
Hosiery,  15  pp.  13  figs. 

Lace,  13  pp.  9  figs. 

Leather,  28  pp.  31  figs. 

Linen  Manufactures,   16 
pp.  6  figs. 

Manures,  21  pp.  30  figs. 

Matches,  17  pp.  38  figs. 

Mordants,  13  pp. 

Narcotics,  47  pp. 

Nuts,  10  pp. 

Oils    and     Fatty    Sub- 
stances, 125  pp. 

Paint. 

Paper,  26  pp.  23  figs. 

Paraffin,  8  pp.  6  figs. 

Pearl  and  Coral,  8  pp. 

Perfumes,  10  pp. 


Photography,  13  pp.  20 

figs. 
Pigments,  9  pp.  6  figs. 
Pottery,  46  pp.  57  figs. 
Printing  and  Engraving, 

20  pp.  8  figs. 
Rags. 
Resinous    and     Gummy 

Substances,  75  pp.  16 

figs. 
Rope,  16  pp.  17  figs. 
Salt,  31  pp.  23  figs. 
Silk,  8  pp. 
Silk  Manufactures,  9  pp. 

II  figs. 
Skins,  5  pp. 
Small  Wares,  4  pp. 
Soap  and  Glycerine,  39 

pp.  45  figs. 
Spices,  16  pp. 
Sponge,  5  pp. 
Starch,  9  pp.  10  figs. 
Sugar,     155     pp. 

figs. 
Sulphur, 
•Tannin,  18  pp. 
Tea,  12  pp. 
Timber,  13  pp. 
Varnish,  15  pp. 
Vinegar,  5  pp. 
Wax,  5  pp. 
Wool,  2  pp. 
Woollen     Manufacterts, 

58  pp.  39    figs. 
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